Petrography and Geochemical Study of Central Ganga Plain Sediments, Aligarh-Mathura Region, Uttar Pradesh, India by Verma, Tanu
PETROGRAPHY AND GEOCHEMICAL STUDY 
OF CENTRAL GANGA PLAIN SEDIMENTS, 
ALIGARH-MATHURA REGION, 
UTTAR PRADESH, INDIA 
ABSTRACT 
OF THE J I- . , t 
THESIS 
SUBMITTED WR THE AWARD OF TWt. DEGREE OF 
fac tor of ^ fiilos^opl^p 
BY 
TANU VERM A 
UNDER THE SUPERVISION OF 
DR.* A.H.M. AHMAD 
D E P A R I MENT OF GEOLOGY 
ALIGARH MliSLlM UNIVERSITY 
ALIGARH (INDIA) 
201 
s\e aUi-
ABSTRACT 
The sedimentological studies of Ganga and Yamuna sediments 
have practically been untouched. Therefore, an attempt has been made 
here to study the processes and products of river Ganga and Yamuna. The 
study area lies between 77°31 to 78^89 longitude and 27^43 to 28°36 
latitude . During investigations seven stations were selected for detailed 
study. 
The present study mainly aims at reconstructing the sedimentation 
history of the Ganga plain. For this purpose three field sessions were 
planned and executed in January 2008, 2009, 2010 for detailed 
measurement of the sections and collection of samples for the follow up 
laboratory investigation. Forty one lithostratigraphic sections were 
measured from different localities. Thin sections of sand samples were 
prepared and used for petrographic study. The textural attributes of the 
sediments were studied. Bivariant plots were plotted to find out 
interrelationship of various textural attributes. Detrital mineralogy of the 
sediments including light and heavy minerals fractions, was studied for 
the purpose of description and petrographic classification of the studied 
sediments and interpretation of their provenance. Samples of sediments 
were choosen for geochemical analysis. Samples were analyzed by XRF 
and ICP-MS. 
The sand grains are medium to fine grained, moderately to well 
sorted, strongly fine skewed and platykurtic to leptokurtic. The grains are 
subangular to subrounded. Majority of the grains show low to high 
sphericity. The interrelationship of various textural parameters appear to 
be, normal thereby, suggesting that the original texture of the sediments 
and by implication, original detrital modes are preserved and have not 
been affected by diagenetic processes. 
The detrital content of the studied sediments is mainly composed 
of several varieties of quartz followed by rock fragments, feldspar, mica 
and heavy minerals. All the sediment samples plotted near the Q pole, in 
the sublitharenite field. 
The Qt-F-L plot suggesting contribution from the recycled orogen 
provenance with metasedimentary and sedimentary rock and continental 
block provenance with the basement uplift. The Qm-F-Lt plot shows that 
the samples fall in the recycled orogen and continental block provenance 
field. The Qp-Lv-Ls plot which is based on rock fragments population 
reveals the source in rifted continental margin and fold thrust belt. The 
Qm-P-K plot of the data shows that all the sediment contribution is from 
the continental block basement uplift provenance and is reflected in 
mineralogical maturity of the sediments and stability of the source area. 
The provenance for the Ganga and Yamuna river sediments is 
believed to be western, central Himalaya and Siwalik hills, which 
comprise granite, gneisses, schists and metamorphosed limestone from 
the horizon of Cambrian and Upper Precambrian age. However, Yamuna 
river contributed sediments from Himalaya as well as from Aravalli, 
Bundelkhand terrain path, and from Vindhyan Supergroup. 
In the Ganga sediment samples Si02 is strongly to moderately 
negatively correlated with other oxides expect Na20 in middle layer 
sediments. The good to strong positive correlation between AI2O3 and 
other oxides excluding Si02 in these sediments indicates clay minerals 
control on the major element composition of the Ganga sediments. A 
positive ratio between Zr and Hf commonly suggests their derivation 
from felsic rocks. LREE/HREE ratio in the studied sediments indicates 
that the source area was predominantly felsic similar to granite. Si02 with 
other major oxides in Yamuna sediments reflects a decrease in unstable 
components with an increasing mineralogical maturity. Strong correlation 
between AI2O3 and other oxides including Si02 indicates clay minerals 
control over major element chemistry. Different relationship between 
elements indicate that minerals like apatite, Titanite, monazite and to 
certain extent garnet controlled the abundance of heavy REE in Yamuna 
sediments. 
Weathering indices like CIA, PIA and ACNK plots attest low to 
moderate degree of chemical weathering in the source domain. Projected 
trend in ACNK diagram suggest a granodiorite source. All the sediment 
samples fall within active and passive continental margin environment 
between granitic and TTG composition. Descriminant analysis suggest 
that the sediment plot in P4 field indicating recycled orogenic terrain and 
deposited in passive margin regime. 
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CHAPTER -1 
INTRODUCTION 
The study of modem fluvial sediment has enthused a great deal of interest 
among geoscientist and in particular sedimentologists in recent years. The 
sedimentologists determine the texture, bed forms, primary depositional structures, 
composition of alluvial deposits transported by the streams, and even hydraulic 
conditions and mechanics of modem system of meandering and braided river 
channels. Thus, an integrated study of modem rivers including their hydrology, 
sediment types and character provide a basis of working out a fluvial facies and 
depositional model and act as an analogue to geologically ancient fluvial deposits. 
The Indian subcontinent is divided into three major physiographic divisions, 
the Himalaya, Indo-Gangetic Plain and Paninsular India (Figure 1). Indo-Gangetic 
plain is the extensive alluvial plain of the Ganga, Indus and Bramputra rivers and their 
tributaries separating Himalayan ranges from Peninsular India. Indo-Gangetic plain is 
variably, referred to as a foredeep basin (Suess, 1893), rifted basin (Burrard, 1915), 
yolked basin and 'Broad basin shallow'(Rao, 1973). This vast alluvial plain is 
composed of different sediment fills and accordingly classified into older Alluvium 
(Bhangar) and Newer Alluvium (Khadar) by Pascoe, (1973). Interest in the petroleum 
exploration led to geophysical studies of the basin that provided insight into the 
basement stmcture and the nature of sediment fill (Aithal et al; 1964; Moolchand et 
al; 1964). 
The Ganga plain occupies central position in the Indo- Gangetic plain and 
shows a variety of landforms and drainage system. The Ganga plain extends from 
Aravalli - Delhi ridge in the west to the Rajmahal hills in the east, Himalayan 
foothills (Siwalik hills) in the north to the Bundelkhand - Vindhyan - Hazaribag 
plateau in the south occupying an area of about 250,000 Km^The Ganga plain lies 
between longitude 77°E and 88°E and latitude 24*^ and 30°N. The length of the plain 
is about 1000 km. The width is variable ranging between 450 - 500 km, being wider 
in the western part and narrower in the eastem part. The southem margin of Ganga 
plain is irregular and shows at many places outcrops of rocks protmding out of the 
alluvium. The northern margin of Ganga plain is marked by the outcrops of Siwalik 
system with a conspicuous thrusted contact. 
The Ganga River is the trunk river of the Ganga Plain into which the large 
Himalayan rivers join from the north except Yamuna river which meets the Ganga 
river from the south. Several other rivers originating in peninsular plateau join 
Yamuna or Ganga river at different places. The rivers of Ganga Plain show a wide 
range of channels sizes. Yamuna River acts as the axial river of the Ganga plain in its 
western part, while Ganga River becomes the axial river in the eastern part, after the 
confluence of the two rivers at Allahabad. In terms of physiography the Ganga plain 
has been divided into two regions (Singh, 1987; Singh and Ghosh, 1992, 1994). The 
western Ganga Plain (Uttar Pradesh) shows a more rugged terrain and prominent 
incision of the drainages; while the eastern Ganga Plain (Bihar) shows rather uniform 
relief and very little entrenchment by the drainage. Geophysical information reveals 
that the basement rocks of the Ganga plain have distinctive features in the form of 
number of ridges and basins, resulting into variable thickness of sedimentary cover 
pile. Gravity - magnetic data and drilled well information suggested ten major 
tectonic elements controlling the Ganga basin floor architecture (Srinivasan and Khar, 
1996). These are (i) Delhi - Sargoda ridge (ii) Sahaspur low (iii) Aravalli - Delhi fold 
belt (iv) Sarda low (v) Agra -Lucknow horst (vi) Gandak graben (vii) Allahabad -
Sitamarhi horst (viii) Madhubani graben (ix) Monghyr - Saharsa horst (x) Pumea 
graben. Singh and Rastogi (1973) suggested WNW-ESE and E-W trending weak 
zones within alluvium control river course and pattern of the sedimentation. The huge 
volumes of sediments in Bengal and Indus fans indicate that the foreland basin has 
been continuously receiving sediments from the Himalaya at least from 20 Ma (Derry 
and France -Lanord, 1996). The important basement highs are the Delhi - Hardwar 
ridge, Faizabad ridge, Monghyr - Saharsa ridge, and low reliefed highs like Mirzapur 
- Gazipur, Raxaul, Bahraich, Puranpur etc. Similarly two important deep burial basins 
are Gandak and Sarda depressions. The basement has been dissected by number of 
faults. Prominent of these faults are, Moradabad fault, Bareilly fault, Lucknow fault, 
Patna fault and Malda fault (Sastri et al; 1971; Rao, 1973). 
Consequent to continent - continent collision development of mountain chain 
taken place along with a foreland basin in front of the orogen towards the under 
r^ 
o 
z 
z 
o 
Q 
< 
z 
< 
< 
CQ 
a 
z 
< ^. a^ 
»3 ft-
z 
< 
o 
H 
J ^ 
CQ 
Q 
o 
thrusting flexed lithosphere (Dickinson, 1974), this basin has been designated as 
peripheral foreland basin. The Himalayan mountain chain is also a product of 
continent - continent collision tectonism between Indian and Asian plates, wherein 
Indian plate is under thrusting below the Asian plate 
(Sieber et al; 1981; Molnar and Tapponier, 1975; Ni and Barazangi, 1984; 
Molnar, 1984). The Ganga plain basin possesses all the major components of the 
foreland basin system (Decelles and Giles, 1996), namely an orogen (the Himalaya), 
deformed foreland basin deposits adjacent to the orogen (Siwalik hills), a depositional 
basin (Ganga Plain) and Peripheral cratonic buldge (Bundelkhand Plateau) (Singh, 
1996). This foreland basin possibly originated in the early Miocene. In the early phase 
(Early Miocene), the foreland basin had small dimensions with comparatively minor 
subsidence (Frence - Lanord et al; 1983). This foreland basin evolved in the Middle 
Miocene after considerable lithosphere flexure and subsidence of the basin. During 
the Middle Miocene to Middle Pleistocene (deposition of lower to upper Siwalik 
Group), the northern part of the Ganga Plain was uplifted and thursted basinward, and 
the Ganga basin shifted southward (Cratonwards) in response to the thrust loading in 
the orogen (Singh, 1996). Covey (1986) applied the term "under filled basin" to the 
Ganga foreland basin at this time, which represents a 'topographic low' between the 
thurst belt (Himalaya) and the peripheral bulge. Burbank (1992) suggested that the 
Ganga foreland basin has been dominated by transverse river system since the 
Pliocene due to erosionally driven uplift (Symmetric subsidence of the foreland), 
whereas the Indus foreland basin is dominated by longitudinal river systems due to 
tectonically driven uplift (asymmetric subsidence) of the foreland. Large Plio -
Pleistocene sediment fluxes combined with less asymmetric subsidence and uplift of 
the proximal foreland led to the progradation of the transverse drainage systems that 
displaced the Ganga River to the edge of the foreland basin. The present day river 
position is consistent with erosion - driven uplift in the adjacent Himalaya. Further, 
the sediment accumulation rates generally exceeded the subsidence rates of the 
foreland throughout the history of the Ganga basin. 
Ganga River. 
The Himalayan belt extends for a total length of about 2400 km from Nanga 
Parbat in the west to Namcha Barwa in the east. Average altitude of the Himalaya 
ranges between 2000 to 3000 m. The Trans Himalayan mountain ranges lying to the 
north of the Indus suture include Ladakh and Karakoram ranges of the Jammu and 
Kashmir. The Himalaya is further divided into three longitudinal tectonic geomorphic 
zones, viz; the lesser Himalayan zone, the central crystalline zone of the higher 
Himalaya and the Tethyan Himalayan zone. The physiography of lesser Himalayan 
zone is characterized by the three main branches of mountain ranges obliquely 
emerging westwards from the Great Himalayan ranges. The rivers originating in the 
northern Tethyan Himalayan Zone cut across the Great Himalayan Ranges in a 
number of deep gorges and ultimately flow into the great alluvial flood plains of the 
Indo-Gangetic Plain. 
Ganga rises in the Garwal Himalayas division of Himalaya, under the name of 
Bhagirathi. The river Bhagirathi which originates from the ice caves of Gaumukh at 
the height of 4100 m, in Garwal Himalaya is accepted traditionally as the original 
Ganga. The river cuts its path through the Himalaya till another head stream 
Alakhnanda, which also carries the water of its tributary Mandakini meets the river 
Bhagirathi at Devprayag. Thus these three rivers Bhagirathi, Mandakini and 
Alakhnanda join to form the Ganga river system. The Ganga basin covers a wide 
variety of landforms from featureless plains in the central belt to mighty Himalayan 
ranges in the north with deep valleys, glacier, plateaus, and hills in the south with 
mountain climate in upper reaches and humid subtropical climate with dry winter in 
lower reaches. The Ganga basin is bounded in the north by Himalaya and in the south 
by Vindhyachal. The western limits extend upto the semiarid regions east of Aravalli 
hills, whereas the eastern limit extends upto the Bay of Bengal. The Basin area of the 
Ganga River in India is 846900 km^. The river in the northern part of the plain flow 
southwards following regional south sloping surface formed by expanding -
contracting alluvial fans but in the central part of the plain, river swings towards east 
and southeast direction and seems to flow along easterly sloping regional surface. The 
river carries high sediment load. The thickness of the alluvium in the Ganga plain 
ranges from 500-1000m near foot hills in the north but few tens of meters in the south 
(Kumar and Singh, 1978). The trunk river Ganga in the state of Uttar Pradesh shows 
prominent terraces on the southern side and an extensive flood plain on the northern 
side in which ox-bow lake, ponds and swamps are developed. The velocity of the 
river suddenly decreases in the east when the river enters the sea and drops its entire 
load, finally forming a delta. The discharge of the Ganga is seasonally controlled. In 
rainy season discharge reaches its peak in the month of July and August and decreases 
in October and November. 
Yamuna River. 
The river Yamuna rises fi'om Jamnotri at elevation of 6320 above mean sea 
level near Bandurpunch in the Massorie ranges of lower Himalayas of Uttar Pradesh. 
River Yamuna is the most important river of Ganges river system of North India. 
During its course from Uttarkashi to Allahabad a large numbers of smaller streams 
join it at various localities, e.g; ,Rishi Ganga joins the Yamuna river at its right bank 
near Banas, Utna and Hanuman Ganga meets it on its left bank. There are some other 
streams originating from the lower Himalayan ranges and ridges which join Yamuna 
river before it enters into lower reaches. For example,Toris river, which is the main 
source of water in the mountainous ranges before it enters into the Massorie hills 
when it is joined by Giri and Ahsan rivers. After flowing upto 200 km Yamuna River 
emerges from Siwalik ranges into plains near Saharanpur in Uttar Pradesh, where it 
flows in a broad curve through Delhi, Mathura, Agra and finally makes confluence 
with river Ganga at Allahabad at an elevation of 100 m above mean sea level. During 
its course from Uttarkashi to Allahabad it covers a distance of 1380 km and exhibits 
various patterns, i.e., steep draining, braided and meandering. During the summer 
season, the river Yamuna dwindles to a small stream in many parts owing to sharp fall 
in water discharge and partly due to excessive evaporation, as also because water is 
drawn off into a vast network of irrigation canals. 
Study Area 
The study area lies in between IT^V to 78°89' longitude and 27''43' to 28''36' 
Lafitude During the investigations seven stations were selected for detailed study 
namely Anoopshahar (Lat. 28''36'- Long.78°26'), Rajghat (Lat. 28*^13'- Long.78'^45'), 
Narora (Lat. 28^20'- Long. 78°38'), Kachhla (Lat. if96'- Long. 78°89') (Ganga 
river) and Shergarh (Lat. 27''80"- Long. 77°60'), Vrindavan (Lat. 27 43"- Long. 
iflV), Mahavan (Lat. 27°43'- Long. 77*'7r) (Yamuna river). Besides, samples also 
collected from Mathura city and Palwal area for petrography and geochemical 
analysis. 
Previous Work 
Recent sediments studies have played an important role to understand 
depositional process and sediment history of alluvial flood plains. In India modem 
river systems have been investigated mostly by Civil Engineers from the point of 
view of channel patterns, hydraulic behavior and rate of erosion. Geophysical studies 
in the Ganga basin have included gravity, seismic and aeromagnetic surveys coupled 
with some drilling carried out by ONGC for Oil exploration. These data have been 
used by several workers to interpret the basement structure and subsurface geology 
(Rao, 1973; Sastri et al; 1971; Karunakaran and Ranga Rao, 1979; Raiverman et al; 
1983; Lyoncaer and Molnar, 1985). Geomorphological studies of Ganga and Yamuna 
river has been done by Niyogi (1975), Bhattacharya and Banergee (1979), Ghosh and 
Singh (1988), Singh (1996), Singh et al. (1996), Bajpai (1989) and Sinha et al. (2002). 
In India, sedimentological studies of modem sediments have been made by Coleman 
(1969), Singh (1977), Kumar and Singh (1978), Prakash et al. (1983), Singh et al. 
(1991), Bhardwaj and Singh (1992), Sinha (1995) and Sinha et al. (2005). 
Reconnaissance geochemical survey of the river sediments in the Indian Himalayas 
include the Ganga and Yamuna (Subramanian, 1987, Jha et al; 1990; Chakrapani and 
Subramanian, 1996; Subramanian and Ramanathan, 1996; Ramesh et al. 2004; Singh, 
2009). Sedimentological information is vitally lacking for the proper evaluation of the 
sedimentation model of modem Indian river systems. However, little attention has 
been paid so far by sedimentologists to the Indian rivers. The sedimentological studies 
of Ganga and Yamuna sediments have practically been untouched. Therefore, an 
attempt has been made here to study the processes and products of river Ganga and 
Yamuna. 
Aim and Scope of Investigation 
The present study mainly aims at reconstructing the sedimentation history of 
the Ganga plain (Figure 2). For this purpose three field sessions were planned and 
excuted in January 2008, 2009 and 2010 for detailed measurement of the sections and 
collection of samples for the follow up laboratory investigations. Fortyone well 
exposed lithostratigraphic sections were measured from different localities. For the 
study of deposited sediments, trenches were dug with the help of showel to expose 
the three dimensional geometry of the deposits. The depth of trenches ranges from 2 
to 3 m, and length from 3 to 5 m. Special attention was paid to study the nature of 
sedimentary structures like cross-bedding, lamination and ripple marks, etc. Lithologs 
were prepared on the basis of field data. Thin sections of sand samples were prepared 
and used for the petrographic study. The textural attributes of the sediments, such as 
size, sorting, skewness, kurtosis, roundness and sphericity were studied with a view to 
interpret provenance and estimating the influence of texture on the detrital modes and 
petrofacies. Cumulative curves were plotted and statistical parameters of grain size 
were computed according to the method of Folk (1980). Bivariant plots were plotted 
to find out interrelationship of various textural attributes. 
Detrital mineralogy of the sediments, including light and heavy mineral 
fractions, was studied for the purpose of description and petrographic classification of 
the studied sediments and interpretation of their provenance. Classification scheme of 
Folk (1980), based on composition of common detrital framework constituents and 
Dickinson (1985), based on tectonic setting of provenance were employed in the 
present study. The factor of distance of transport that influences the framework 
composition of sediments was studied to evaluate its effect on the detrital modes of 
sediments. 
Samples of sediments were chosen for geochemical analysis. The samples were 
analyzed for their major element by XRF at NIO, Goa using bead pellets and trace 
elements by ICP- MS at NGRI. The samples were powdered in pulverizer into 20 
mesh size. Ultimately, the representative samples were taken after quatering and 
coning process. Pressed discs made from a 2:3 mixture of powdered samples and 
binder were analyzed by XRF. The REEs of selected samples were analyzed by ICP-
MS. 
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CHAPTER II 
FIELD OBSERVATIONS 
The lithostratigraphic sections from Ganga and Yamuna river sediments and 
their vertical and lateral relationship were studied along with lithology and internal 
sedimentary structures . Vertical sections were measured from various location from 
Anoopshahr , Narora, Rajghat, Kacchla, Mahavan, Shergarh and Virindavan. Most of 
the trenches were dug parallel to the flow direction of the river and sample were col-
lected from both bank deposit and braided bar deposit and point bar deposits. The de-
tails of the measured sections are as follows. 
ANOOPSHAHR (Ganga sections) 
Three lithostratigraphic sections of bank deposits were measured at Anoopshahr. 
BANK DEPOSIT 
SECTION (A) 
The measured section has the following sequence (Figure 3A) 
0.86 - 1.00m Grey, clay and silt, lower contact is sharp, ripple drift cross lami-
nation . 
0.66 - 0.86m Grey, silt and clay, lower contact is sharp, convolute laminations 
with broad synclines and sharp anticlines and laterally change into 
ripple drift cross laminations. 
0.61 - 0.66m Grey, fine sand, silt, clay, lower contact is sharp, parallel lamina-
tions 
0.44-0.61m Dark grey, coarse to medium sand , lower contact is sharp, small 
scale coset trough cross stratification. 
0.27 - 0.44m Grey, fine sand, silt, clay, lower contact is sharp, small scale ripple 
drift cross laminations. 
0.12 - 0.27m Grey, silt and clay, lower contact is not definable, parallel lamina-
tion. 
0.00 - 0.12m Grey, medium and fine sand, lower contact is sharp, large scale 
planar cross stratification in solitary set. 
SECTION (B) 
The measured section has the following sequence (Figure 3B)-
0.45 - 1.25 m Light grey, clay and silt, lower contact is sharp, trough cross strati-
fication in coset. 
0.24 - 0.45 m Light grey, fine sand, large scale planar cross stratification. 
0.00 - 0.24 m Grey, clay and silt, lower contact is sharp, ripple drift cross lamina-
fion. 
SECTION (C) 
The measured section has the following sequence (Figure 3C)-
1.05 -1.15 m Grey, fine sand and clay, lower contact is sharp, parallel laminations. 
0.79 -1.05 m Light grey, clay and silt, lower contact is sharp, trough cross stratifi-
cation in coset. 
0.72 - 0.79 m Light grey, silt and clay, convolute laminations with symmetrical 
crest and trough. 
0.58 - 0.72 m Grey, fine sand, lower contact is sharp, small scale trough cross strafi-
fication. 
0.30 - 0.58 m Light grey, fine sand, lower contact is sharp, small scale trough cross 
stratificafion. 
0.00 - 0.30 m Light grey, fine sand, large scale planar cross stratificafion in solitary 
set. 
NARORA 
The lithostratigraphic sections of braided bar deposits were measured at Narora. 
SECTION (A) 
The measured section has the following sequence (Figure 4A)-
1.80 - 2.00m Light grey, clay and silt, lower contact is sharp, massive mud. 
1.50 - 1.80m Light grey, fine sand and silt, lower contact is sharp, massive mud. 
1.00 - 1.50m Light grey, fine sand and silt, lower contact is sharp, large scale pla-
nar cross strafification, lens shaped channels. 
0.36 - 1.00m Light grey, fine sand and silt, lower contact is sharp, small scale rip-
ple drift cross laminarions (Plate lA). 
0.0 - 0.36m Light grey, fine sand and clay, lower contact is sharp, 0.36 m unit pa-
rallel laminations are common with alternate layers of fine sand and 
clay. 
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SECTION (B) 
The measured section has the following sequence (Figure 4B) -
2.08 - 2.28 m Light grey, silt and clay, lower contact is sharp, parallel laminations 
with alternate layers of silt and clay (Plate IB). 
1.68- 2.08 m Light grey, fine sand and clay, lower contact is sharp, parallel lami-
nations are common. 
0.96 - 1.68 m Light grey, fine sand and silt, lower contact is sharp, parallel lamina-
tions, large scale trough shaped channels filled with fine sediments. 
0.36 - 0.96 m Light grey, fine sand and silt, lower contact is erosional, small scale 
ripple drift cross laminations. 
0.00 - 0.34 m Light grey, fine sand and silt, lower contact is sharp, small scale rip-
ple drift cross laminations. 
SECTION (C) 
The measured secfion has the following sequence (Figure 4C)-
2.18 - 2.58 m Light grey, medium sand and clay, lower contact is sharp, massive 
mud. 
1.58 -2.18 m Light grey, fine sand, lower contact is sharp, parallel laminations, 
biconvex channel filled with sediments. 
1.08 - 1.58 m Light grey, fine sand and silt, lower contact is sharp, large and small 
scale planar cross stratification. The forset of the large and small 
scale planar cross stratification inclined at 19 degree to 29 degree. 
0.80 - 1.08 m Light grey, fine sand and silt, lower contact is sharp, parallel lamina-
fions are common. 
0.42 - 0.80 m Light grey, fine sand, lower contact is sharp, small scale ripple drift 
cross lamination and parallel laminafions. 
0.12 - 0.42 m Light grey, medium sand and silt, lower contact is sharp, large scale 
planar cross stratification. The forsets show erosional boundary. 
0.00 - 0.12 m Light grey, fine sand, lower contact is not definable, small scale rip-
ple drift cross laminafion. 
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SECTION (D) 
The measured section has the following sequence (Figure 4D)-
1.52-2.00 m Light grey, clay, lower contact is sharp, massive mud and parallel 
laminations. 
1.32 - 1.52 m Light grey, fine sand and silt, lower contact is sharp, parallel lamina-
tions and biconvex channel filled with sediments. 
1.02 - 1.32 m Light grey, fine sand, lower contact is sharp, large scale planar cross 
stratification. 
0.52 - 1.02 m Light grey, fine sand, lower contact is sharp, small and large scale 
planar cross stratification and parallel laminations. 
0.32 - 0.52 m Light grey, fine sand, lower contact is sharp, large scale planar 
cross stratification and channels filled with sediments. 
0.32 - 0.00 m Light grey, fine sand, lower contact is not definable, small scale rip-
ple drift cross lamination. 
RAJGHAT 
Three lithostratigraphic sections are measured fi-om braided bar deposits and 
five sections are measured ft-om bank deposits at Rajghat. 
BRAIDED BAR DEPOSITS 
SECTION (A) 
The measured section has the following sequence (Figure 5A) -
0.86 - 1.00m Dark grey, coarse to medium sand, lower contact is sharp, small scale 
coset trough cross stratification. 
0.74 - 0.86m Grey, clay and silt, lower contact is sharp, ripple drift cross lamina-
don. 
0.58 - 0.74m Grey, silt and clay, lower contact is sharp, convolute laminations with 
broad synclines and sharp anticlines and laterally change into ripple 
drift cross laminafion (Plate IC). 
0.52 - 0.58m Grey, fine sand, silt, clay, lower contact is sharp, parallel laminations. 
0.38 - 0.52m Grey, fine sand, silt, clay, lower contact is sharp, small scale ripple 
drift cross la minafions. 
0.24 - 0.38 m Grey, silt and clay, lower contact is not definable parallel laminafion. 
0.10 - 0.24 m Grey, fine sand, lower contact is sharp, massive mud. 
0.00 - 0.10 m Grey, medium sand and fine sand, lower contact is sharp, large scale 
planar cross strafificafion in solitary set (Plate IIA). 
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PLATE I 
(A) 
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(B) 
(C) 
PLATE - 1 
Photo A. Field photograph showing ripple cross-laminations. 
Photo B. Field photograph showing alternate layer of silt and clay. 
Photo C. Field photograph showing convolute lamination. 
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SECTION (B) 
The measured section has the following sequence (Figure 5B) 
0.82 - 0 .88m Dark grey, fine sand and clay, lower contact is sharp, massive mud. 
0. 70 - 0.82m Light grey, clay and silt, lower contact is sharp, trough cross stratifi-
cation in coset. 
0.50- 0.70 m Muddy, yellow grey, fine sand, lower contact is sharp, large scale 
trough cross strafificafion, trough are well defined by shallow scours. 
0.44 - 0.50m Light grey, silt and clay, lower contact is sharp convolute lamina-
tions with symmetrical crest and trough. 
0.26 - 0.44 m Light grey, fine sand, lower contact is sharp, small scale trough cross 
stratification. 
0.00 - 0.26 m Light grey, fine sand, lower contact is sharp, large scale planar cross 
stratification solitary set. 
SECTION (C) 
The measured section has the following sequence (Figure 5C) 
0.48 - 0.86m Light grey, fine sand, lower contact is sharp, ripple drift cross lami-
nation. 
0.00 - 0.48 m Light grey, medium sand , silt and clay, lower contact is sharp, large 
scale planar cross strafificafion in solitary set. 
BANK DEPOSITS 
SECTION (A) 
The measured section has the following sequence (Figure 6A)-
1.26-1.36 m Grey, coarse to medium sand, lower contact is sharp, small scale 
trough cross stratification in coset. 
1.18 - 1.26 m Light grey, clay and silt lower contact is sharp, small scale trough 
cross stratification. 
0.98 - 1.18m Light grey, silt and clay, lower contact is sharp, massive mud. 
0.88 - 0.98 m Light grey, fine sand, lower contact is sharp, small scale trough cross 
stratification. 
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PLATE II 
(B) 
(C) 
P L A T E - I I 
Photo A. Field photograph showing large scale planar cross-
stratification. 
Photo B. Field photograph showing large scale trough cross-
stratification. 
Photo C. Field photograph showing horizontal bedding. 
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0.78 - 0.88m Light grey, fine sand, lower contact is sharp, asymmetrical convolute 
laminations. 
0.56 - 0.78 m Light grey, fine sand, silt, clay, lower contact is sharp, small scale 
ripple drift cross laminations. 
0.50 - 0.56 m Light grey, fine sand, lower contact is sharp, small scale trough cross 
stratification in coset. 
0.44 - 0.50 m Light grey, silt and clay, lower contact is sharp, parallel laminations. 
0.32 - 0.44 m Light grey, silt and clay, lower contact is sharp, massive mud. 
0.00 - 0.32 m Light grey, fine sand, lower contact is sharp, large scale planar cross 
stratification. 
SECTION (B) 
The measured section has the following sequence (Figure 6B)-
1.04 - 1.24 m Light grey, silt and clay, lower contact is sharp, massive mud. 
0.90 -1.04m Light grey, coarse to medium sand , lower contact is sharp, large 
scale coset trough cross stratification. 
0.80 - 0.90 m Light grey, fine sand, lower contact is sharp, small scale trough cross 
stratification. 
0.74 - 0.80 m Light grey, clay and silt, lower contact is sharp, parallel laminafions. 
0.64 - 0.74m Light grey, fine sand, lower contact is sharp, asymmetrical convolute 
laminations. 
0.50 - 0.64 m Light grey, fine sand, silt, clay, lower contact is sharp, small scale 
ripple drift cross laminations. 
0.44 - 0.50m Light grey, fine sand, lower contact is sharp, parallel laminafions. 
0.32 - 0.44m Light grey, silt and clay, lower contact is sharp, small scale trough 
cross stratification. 
0.00 - 0.32m Light grey, fine sand, lower contact is sharp, large scale planar cross 
stratification. 
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SECTION (C) 
The measured section has the following sequence (Figure 6C)-
0.70 - 0 .84m Light grey, fine sand, silt and clay, lower contact is sharp, large scale 
trough cross stratification in coset (Plate IIB). 
0.50 - 0.70 m Light grey, fine sand, lower contact is sharp, ripple drift cross lami-
nations. 
0.30 - 0.50m Light grey, silt and clay, lower contact is sharp, small scale trough 
cross stratification. 
0.00- 0.30 m Light grey, clay, 0.30 m unit shows large scale trough cross strafifi-
cation in coset. 
SECTION (D) 
The measured section has the following sequence (Figure 6D)-
0.70 - 0 .86 m Light grey, silt and clay, lower contact is sharp, massive mud. 
0.56 - 0.70m Light grey, medium to fine sand, lower contact is sharp, small scale 
trough cross stratification in coset. 
0.46 - 0.56m Light grey, silt and clay, lower contact is sharp, lanticular bedding. 
0.40 - 0.46 m Light grey, silt and clay, parallel laminations. 
0.26 - 0.40 m Light grey, medium to fine sand, lower contact is sharp, small scale 
trough cross stratification in coset. 
0.00- 0.26 m Light grey, fine sand, lower contact is sharp, ripple drift cross lami-
nations. 
SECTION (E) 
The measured section has the following sequence (Figure 6E)-
0.52 - 0.84 m Light grey, silt and clay, lower contact is sharp, large scale trough 
cross stratification and convolute laminations. 
0.46 - 0.52 m Light grey, clay and silt, lower contact is sharp, parallel laminations. 
0.34 - 0.46 m Muddy grey, silt and clay, lower contact is sharp, sharp crest broad 
trough convolute laminadons. 
0.22 - 0.34 m Light grey, silt and clay, lower contact is sharp, massive mud. 
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Figure 6: Lithostratigraphic sections measured near Rajghat 
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0.18- 0.22 m Light grey, fine sand, lower contact is sharp, parallel laminations. 
0.04 - 0.18 m Light grey, fine sand, lower contact is sharp, small scale trough cross 
stratification, troughs are well defined by shallow scours. 
0.00 - 0.04 m Light grey, fine sand, small scale planar cross stratification in coset. 
KACCHLA 
Seven sections of braided bar deposits and six secfions of bank deposits were meas-
ured at Kacchla. 
BANK DEPOSITS 
SECTION (A) 
The measured section has the following sequence (Figure 7A)-
1.40- 1.82m Light grey, silt and clay, lower contact is sharp, small scale ripple 
drift cross laminations. 
1.04 - 1.40m Light grey, fine sand, lower contact is sharp, small scale ripple drift 
cross laminations 
0.84- 1.04 m Light grey, silt and clay, lower contact is sharp, small scale ripple 
drift cross laminations. 
0.72 - 0.84m Light grey, fine sand, lower contact is sharp, small scale trough cross 
stratification. 
0.64 - 0.72m Light grey, fine sand, lower contact is sharp, trough cross stratifica-
tion and small scale ripple drift cross laminafions. 
0.42 -0.64m Light grey, silt and clay, lower contact is sharp, small scale ripple 
drift cross laminations. 
0.00 -0.42m Light grey, fine sand, lower contact is sharp, large scale planar cross 
stratification. 
SECTION (B) 
The measured section has the following sequence (Figure 7B)-
2.06 - 2.40 m Light grey, fine sand, lower contact is sharp, small scale planar cross 
stratification. 
0.80 - 2.06 m Light grey, silt and clay, lower contact is sharp, massive mud. 
0.70 - 0.80 m Light grey, silt and clay, lower contact is sharp, small scale ripple 
drift cross laminations. 
0.00 - 0.70m Light grey, coarse to medium sand, lower contact is sharp, large 
scale planar cross stratification. 
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SECTION (C) 
The measured section has the following sequence (Figure 7C)-
1.06 - 1.28 m Light grey, silt and clay, lower contact is sharp, massive unit. 
0.76-1.06 m Light grey, silt and clay, lower contact is sharp, convolute lamina-
tions. 
0.44 - 0.76m Light grey, medium to fine sand, lower contact is sharp, massive unit. 
0.20 - 0.44 m Light grey, silt and clay, lower contact is sharp, small scale ripple 
drift cross laminations. 
0.00 - 0.20 m Light grey, silt and clay, massive mud. 
SECTION (D) 
The measured section has the following sequence (Figure 7D)-
0.98 - 1.20 m Grey, silt and clay, lower contact is sharp, massive unit. 
0.84 - 0.98 m Light grey, fine sand, lower contact is sharp, massive unit. 
0.00 - 0.84 m Light grey, medium to fine sand, lower contact is sharp, small scale 
ripple drift cross laminations and large scale trough cross stratifica-
tion. 
SECTION (E) 
The measured section has the following sequence (Figure 7E)-
0.84 -1.62 m Grey, silt and clay, lower contact is sharp, massive unit. 
0.40-0.84 m Light grey, silt and clay, lower contact is sharp, small scale ripple 
drift cross laminations. 
0.00- 0.40m Light grey medium to fine sand, large scale planar cross stratification. 
SECTION (F) 
The measured section has the following sequence (Figure 7F)-
0.58 - 1.02 m Grey, silt and clay, lower contact is sharp, massive unit with lenficles. 
0.00 - 0.58 m Grey, coarse to medium sand, massive unit. 
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Figure 7: Lithostratigraphic sections measured near Kacclila 
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BRAIDED BAR DEPOSIT 
SECTION (A) 
The measured section has the following sequence (Figure 8A)-
1.72 - 2.08 m Light grey, coarse to medium sand, lower contact is sharp, small scale 
ripple drift cross laminations. 
0.96 - 1.72 m Light grey, fine sand, lower contact is sharp, large scale trough cross 
stratification. 
0.58 - 0.96 m Light grey, silt and clay, lower contact is sharp, horizontal bedding. 
0.00 -0.58 m Light grey, medium sand, small scale ripple drift cross laminations. 
SECTION (B) 
The measured section has the following sequence (Figure 8B)-
1.66 - 2.06 m Light grey, coarse to medium sand, lower contact is sharp, small 
scale ripple drift cross laminations. 
0.84 - 1.66 m Light grey, fine sand, lower contact is sharp, large scale trough cross 
stratification. 
0.36 - 0.84 m Light grey, coarse to medium sand, lower contact is sharp, parallel 
laminations. 
0.00 - 0.36 m Light grey, medium sand, large scale trough cross stratification. 
SECTION (C) 
The measured section has the following sequence (Figure 8C)-
1.18 - 1.58 m Light grey, fine sand, lower contact is sharp, large scale trough cross 
stratification, trough are well defined by shallow scours. 
1.00 - 1.18 m Light grey, fine sand, lower contact is sharp, parallel laminations. 
0.58 - 1.00 m Light, medium to fine sand, large scale planar cross strafificafion and 
trough cross stratificafion. 
0.00 - 0.58 m Light grey, coarse to medium sand, large scale trough cross stratifi-
cation. 
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SECTION (D) 
The measured section has the following sequence (Figure 8D)-
1.14-1.40 m Light grey, silt and clay, lower contact is sharp, small scale ripple 
drift cross laminations. 
0.94 -1 .14m Light grey, fine sand, lower contact is sharp, large scale trough cross 
stratification, troughs are well defined by shallow scours. 
0.00 - 0.94 m Light grey, medium to fine sand, large scale planar and trough cross 
stratification, charmels filled with sediments. 
SECTION (E) 
The measured section has the following sequence (Figure 8E)-
0.90 -1.20m Light grey, silt and clay, lower contact is sharp, massive mud. 
0.88 - 0.90 m Light grey, silt and clay, lower contact is sharp, small scale ripple 
drift cross laminations . 
0.38 - 0.88 m Light grey, fine sand, small scale ripple drift cross laminations. 
0.00 - 0.38 m Light grey, clay, small scale ripple drift cross laminations. 
SECTION (F) 
The measured section has the following sequence (Figure 8F)-
1.40 - 1.68 m Light grey, silt and clay, lower contact is sharp, small scale ripple 
drift cross laminations. 
0.00- 1.40m Light grey, fine, lower contact is sharp, large scale trough cross-
stratification is well defined by shallow scours and planar cross stra-
tificafion. 
SECTION (G) 
The measured section has the following sequence (Figure 8G)-
1.48 - 2.30 m Light grey, fine sand, lower contact is sharp, horizontal bedding 
(Plate IIC). 
0.52 - 1.48 m Light grey, medium to fine sand, lower contact is sharp, massive 
unit. 
0.00 -0 .52 m Light, medium to fine sand, large scale planar cross stratification. 
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MAHAVAN 
(Yamuna sections) 
Lithostratigraphic sections of point bar deposits were measured at Mahavan. 
SECTION (A) 
The measured section has the following sequence (Figure 9A)-
0.90 - 2.0 m Grey, fine to very fine, lower contact is sharp, massive mud, thin 
sandy lenticles in this unit (Plate IIIA ). 
0.30 - 0.90m Grey, coarse to medium sand, lower contact is sharp, small scale rip-
ple drift. 
0.00 - 0.30m Grey to white, fine sand and silt, small scale coset trough cross strati-
fication. 
SECTION (B) 
The measured section has the following sequence (Figure 9B)-
1.42 - 2.12m Grey, fine to very fine, lower contact is sharp, massive mud, thin 
sandy lenticles. 
0.88 - 1.42 m Grey to white, fine sand and sih , small scale ripple drift cross stra-
tification and small scale coset trough cross stratification. 
0.70 - 0.88 m Grey to white, fine sand and silt, planar cross stratificafion in coset. 
0.30 - 0.70 m Grey, fine sand and silt, parallel laminafion. 
0.00 - 0.30 m Grey to white, fine sand and silt, small scale trough cross strafifica-
tion in coset. 
SECTION (C) 
The measured section has the following sequence (Figure 9C)-
0.68 - 1.62m Grey, fine sand, silt and clay, lower contact is sharp, massive mud, 
thin sandy lenticles occurs in this unit. 
0.30 - 0.68 m Grey, coarse to medium sand , lower contact is sharp, small scale 
ripple drift and small scale trough cross stratification in coset. 
0.20 - 0.30 m Grey to white, medium to fine sand, small scale trough cross stratifi-
0.10 - 0.20 m cation in coset. 
0 00 - 0 10 m ^^^y^ ^^^^ ^^"^' '^'^ '^ '^ ^^y' lower contact is sharp, massive mud. 
Grey to white, medium to fine sand, large scale trough cross strafifi-
cation in coset. 
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Figure 9: Lithostratigraphic sections measured near Maliavan 
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SHERGARH 
The lithostratigraphic sections of point bar deposits were measured at Shergarh. 
SECTION (A) 
The measured section has the following sequence (Figure lOA)-
0.90 - 1.18m Grey and dirty white, medium to fine sand, lower contact is sharp, 
large scale trough cross stratification. 
0.82 - 0.90 m Grey, medium sand , lower contact is sharp, large scale planar cross 
stratification. Inclinafion angle of planar forset is 18° - 20 . 
0.67 - 0.82m Grey, coarse and fine sand, parallel laminafion socurs in alternate 
coarse and fine sand. 
0.50 - 0.67 m Grey and dirty white, fine sand, silt, clay, lower contact is sharp, 
massive mud (Plate III B). 
0.40-0.50 m Grey, fine sand, silt and clay, lower contact is sharp, small scale 
trough cross stratification. 
0.00 - 0.40 m Grey, fine sand, silt and clay, lower contact is sharp, small scale 
trough cross stratification. 
SECTION (B) 
The measured section has the following sequence (Figure 10 B) -
1.22 - 1.28 m Grey, fine sand, silt and clay, lower contact is sharp, small scale 
trough crossbedding. 
1.10- 1.22 m Grey, medium to fine sand, silt and clay, lower contact is sharp, 
large scale trough cross stratification. 
0.96 - 1.10m Grey, medium to fine sand, lower contact is sharp, large scale pla-
nar cross Stratification. 
0.74 - 0.96 m Grey to white, medium to fine sand, massive mud. 
0.52 - 0.74 m Grey, coarse to medium sand, lower contact is sharp, large scale 
planar cross stratification. 
0.32 - 0.52 m Grey, fine sand, lower contact is sharp, large scale planar cross stra-
tification. 
0.26 - 0.32 m Grey, medium sand, lower contact is sharp, small scale trough cross 
stratification. 
0.00 - 0.26 m Grey, fine sand, silt and clay, large scale trough cross strafification. 
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PLATE III 
(B) 
(C) 
PLATE - III 
Photo A. Field photograph showing sand lanticles are embedded in 
mud. 
Photo B. Field photograph showing middle part represented by 
massive mud. 
Photo C. Field photograph showing sandy channel facies. 
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VIRINDAVAN 
Four lithostratigraphic sections of point bar deposits and five sections of bank depo-
sits were measured at Virindavan. 
SECTION (A) 
The measured section has the following sequence (Figure 11 A) 
1.60 - 1.80 m Light grey, clay, lower contact is sharp, wavy laminations and mas-
sive mud. 
1.26- 1.60 m Light grey, fine sand, lower contact is sharp, small scale ripple drift 
cross laminations and sandy channels (Plate IIIC). 
1.10 - 1.26 m Light grey to whit, silt and clay, parallel laminations. 
1.02 -1.10m Light grey, clay, lower contact is sharp, massive mud. 
0.84- 1.02 m Light grey, sih and clay, lower contact is sharp, large scale planar 
cross stratification. 
0.66 - 0.84 m Light grey, fine sand, lower contact is sharp, small scale trough 
cross stratification. 
0.52- 0.66 m Light grey, coarse to medium sand, lower contact is sharp, large 
scale planar cross stratification. 
0.42 - 0.52 m Light grey, fine sand, silt, clay, large scale trough cross strafifica-
tion. 
0.00 - 0.42 m Light grey, medium to fine sand, large scale trough cross stratifica-
tion. 
SECTION (B) 
The measured section has the following sequence (Figure 11B)-
1.56 - 1.92m Grey, fine sand, silt and clay, lower contact is sharp, wavy laminations 
and massive mud. 
1.32 - 1.56m Light grey, coarse to medium sand, lower contact is sharp, sharp crest 
and broad trough convolute laminations. 
0.88 - 1.32m Light grey to white, fine sand, small scale ripple drift cross lamina-
tions. 
0.36 - 0.88m Light grey, coarse to medium sand, lower contact is sharp, parallel 
lamintions. 
0.00- 0.36 m Light grey, medium sand, lower contact is sharp, large scale planar 
cross stratification. 
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SECTION (C) 
The measured section has the following sequence (Figure 1IC)-
1.30-1.46 m Light grey, silt and clay, lower contact is sharp, massive mud. 
1.16 - 1.30 m Light grey, fine sand, lower contact is sharp, asymmetrical convolute 
laminations. 
1.08 - 1.16m Light grey to white, medium to fine sand, massive mud. 
0.97 - 1.08 m Light grey, medium sand, lower contact is sharp, small scale ripple 
drift cross laminations. 
0.83 - 0.97 m Light grey, coarse to medium sand, lower contact is sharp, small 
scale ripple drift cross laminations. 
0.00 - 0.83m Light grey, coarse to medium sand, lower contact is sharp, parallel 
laminations are common. 
SECTION (D) 
The measured section has the following sequence (Figure 11D)-
1.52 - 1.78m Light grey, fine sand, silt and clay, lower contact is sharp, wavy la-
minations and massive mud. 
1.40 - 1.52 m Light grey, fine sand, lower contact is sharp, small scale ripple drift 
cross laminations. 
1.26 - 1.40 m Light grey, fine sand, silt and clay, large scale planar cross stratifica-
tion. 
1.18 -1.26 m Light grey, fine sediments, lower contact is sharp, large scale planar 
cross stratification. 
1.06 - 1.18m Light grey, fine sand, lower contact is sharp, large scale trough cross 
stratificadon. 
0.94 - 1.06 m Light grey, silt and fine sand, lower contact is sharp, large scale 
trough cross stratification. 
0.78 - 0.94 m Light grey, fine sand, lower contact is sharp, large scale trough cross 
stratification. 
0.64 - 0.78 m Light grey, medium sand, lower contact is sharp, large scale trough 
cross stratification. 
0.30 - 0.64 m Grey, medium to fine sand, lower contact is sharp, large scale trough 
cross strafification. 
0 00 - 0 30 m ^^^y^ coarse to medium sand, lower contact is sharp, large scale 
trough cross stratification. 
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Figure 11: Lithostratigraphlc sections measured near Virindavan 
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POINT BAR DEPOSITS 
SECTION (A) 
The measured section has the following sequence (Figure 12A)-
1.62 - 1.88 m Grey, fine sand, silt and clay, lower contact is sharp, wavy lamina-
tions and massive mud. 
1.25 - 1.62 m Light grey, medium sand, lower contact is sharp, planar cross stratifi-
cation. 
0.90 - 1.25m Light grey, medium to fine sand, large scale planar cross stratifica-
tion. 
0.50 - 0.90m Light grey, fine sand, silt, lower contact is sharp, large scale planar 
cross stratification. 
0.00 - 0.50 m Light grey, medium to fine, lower contact is sharp, large scale trough 
cross stratification. 
SECTION (B) 
The measured section has the following sequence (Figure 12B)-
1.18- 1.42m Light grey, fine sand, silt and clay, lower contact is sharp, small scale 
ripple drift cross laminations. 
0.58 - 1.18 m Light grey, fine sand, lower contact is sharp, small and large scale 
trough cross stratification. 
0.30 - 0.58 m Light grey, fine sand, lower contact is sharp, small scale trough cross 
stratification. 
0.00 - 0.30 m Light grey, fine sand, silt and clay, large scale trough cross stratifica-
tion. 
SECTION (C) 
The measured section has the following sequence (Figure 12 C)-
1.06 - 1.20m Light brown, fine sand, silt and clay, lower contact is sharp, massive 
mud. 
0.90 - 1.06 m Light grey, fine sand, lower contact is sharp, small scale ripple drift 
cross laminations. 
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0.74 - 0.90 m Light grey, medium to fine sand, small scale ripple drift cross lami-
nations. 
0.58 - 0.74 m Light grey, fine sand, lower contact is sharp, small scale ripple drift 
cross laminations. 
0.52 - 0.58 m Light grey, fine sand, lower contact is sharp, mud. 
0.00 - 0.52m Light grey, coarse to medium sand, small scale trough cross stratifi-
cation. 
SECTION (D) 
The measured section has the following sequence (Figure 12 D) -
L16 - L48 m Light brown, fine sand, silt and clay, lower contact is sharp, wavy 
laminations and massive mud. 
0.98- 1.16 m Light grey, coarse to medium sand, lower contact is sharp, large 
scale planar cross stratification in coset. 
0.88 - 0.98 m Light grey, fine sand, small scale planar cross stratification in coset. 
0.70 - 0.88 m Light grey, fine sand, lower contact is sharp, large scale planar cross 
stratification. 
0.50 - 0.70 m Light grey, fine sand, lower contact is sharp, large scale trough cross 
stratification. 
0.00 - 0.50 m Light grey, fine sand, large scale trough cross stratificafion and pa-
rallel laminafions. 
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CHAPTER - III 
TEXTURE 
Texture deals with the size, shape, and arrangement of the grains of a rock. 
The textural attributes such as size, sorting, skewness, kurtosis, roundness, and 
sphericity of the Ganga and Yamuna river sediments were studied to interpret the 
provenance, environment of deposition, and estimating the influence of texture on 
detrital modes. Interrelationship of various textural attributes of the Ganga and 
Yamuna river sediments were studied with the help of bivariant plots. 
Size analysis of the sediments is an essential tool to understand their 
mechanism of transportation and envirormient of deposition (Moiola and Weiser, 
1968). A large number of early workers have made contributions to grain size studies 
including Udden (1898, 1914), Wentworth (1922, 1929), Krumbein and Pettijohn 
(1938) and Otto (1939). Doeglas (1946) has demonstrated that grain size distributions 
are mixture of two or more populations produced by varying transport conditions. He 
developed empirical classifications of curves to identify specific sedimentary 
environments. Mason and Folk (1958) concluded that a plot of skewness versus 
kurtosis was effective in differentiating between beach, coastal dune and aeolian flat 
sands from Mustand Island, Texas. Friedman (1961, 1967) showed that the scatter 
diagrams of mean size versus standard deviation and skewness versus standard 
deviation were effective in differentiating between beach sand and dune or river 
sands. Visher (1969) and his co-workers demonstrated that each cumulative curve 
comprises a number of straight line segments of different slopes which represent 
truncated Log-Gaussian subpopulations. 
Roundness of grains is a function of transportation process on the debris 
furnished by the source area. Roundness reflects abrasion history, which in turn 
depends on the diverse geologic controls such as relief, kind of source rock, distance 
and mechanism of transportation and mineralogy of the grains. Russel and Taylor 
(1937) proposed five roundness classes but their class limit was not systematically 
chosen and the arithmetic means of the class intervals were used as a mid points. 
Krumbein (1940) presented nine different roundness values which being very close 
together often makes it difficult to decide which roundness class to assign to a 
particle. Pettijohn (1975) modified the above scale by using a geometrical scale. In 
this study, roundness scale given by Power (1953) has been employed, which has six 
class scales in such a way that class limits closely approximates aV2 geometrical 
scale. Now roundness values are obtained by comparison with photographic charts for 
sand grains. 
Sphericity states quantitatively how nearly equal, the three dimensions of the 
object are. Wentworth (1922) made the first quantitative study of shapes. Later 
Wadell (1932) defined sphericity. Carver (1971) used another measure to determine 
sphericity. The most commonly used method of determining the sphericity is through 
visual comparision. For the present study the comparison chart given by Krumbein 
and Sloss (1963) was used for the classification of sand into three classes, high, 
medium and low sphericity. 
> 0.9 High Sphericity 
0.3 - 0.9 Medium 
0.0-0.3 low sphericity 
METHODS OF STUDY AND DATA PRESENTATION 
Sixty one representative samples were selected for grain size analysis of 
Ganga and Yamuna river sediments. The Ganga river sediments are collected fi-om 
Anoopshahr, Rajghat, Narora, Kacchla and Yamuna river sediments are collected 
fi-om Shergarh, Mahavan and Virindavan area. Grain size analysis was carried out 
mechanically using V2 grade scale of Wentworth (1922) following the standard 
method of sieving. Hundred gram of sediments were taken for each sample to avoid 
both irrational class limits and midpoint and also to simply the statistical computation 
in phi (O) scale. The data were grouped into (O) size classes with interval of 0.5O. 
Wentworth scale of classification with corresponding phi conversion was adopted in 
the analysis and description of the sediments. The grain diameters in phi units 
represented by 05 , 016, 025, O50, O 75, 084 and 095 percentiles were read fi-om 
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the size frequency curves. These values were then converted their sieve equivalents 
with the help of Friedman's (1958) method. The statistical parameters of grain size 
distribution were derived with the help of cumulative frequency curve plots. 
Cumulative frequency curves of grain size data were plotted on log probability paper. 
STATISTICAL PARAMETERS 
The statistical parameters of grain size were calculated according to formula 
given by Folk's (1980) and included, Graphic Mean (Mz), Inclusive Graphic Standard 
Deviation (a I), Inclusive Graphic Skewness (SKI), and Inclusive Graphic Kurtosis 
(KG). 
Graphic Mean Size (Mz): It is a function of size range of available sediment and the 
amount of energy imported to the sediments which depends on the current velocity or 
the turbulence of the transporting medium. It has been calculated with the help of 
Folk's formula : 
Mz = (<D16+ a>50+ <I>84)/3 
Inclusive Graphic Standard Deviation (o I): It depends upon the competency and 
stability of the currents. Relatively constant strength currents produce very well sorted 
to well sorted sediments but fluctuating currents will give rise to poorly sorted 
sediments. This parameter is derived by the formula: 
(T1= (<D84-a>16)/4 + (a)95-a)5)/6.6 
Inclusive Graphic Skewness (SKi): It measures the degree of asymmetry of the 
frequency distribution and is determined by the relative importance of the tail of 
distribution. The skewness or asymmetry is also determined by the position of the 
mean with respect to median. The comprehensive formula is given below: 
Skl= {(016+ 084-2 <D50)/2(<D84 - 160))} + {(<D5+ 095-2 <D50)/2(<D95-O5)} 
Inclusive Graphic Kurtosis (KG): Inclusive Graphic kurtosis reflects the peakedness 
of the distribution and measure the ratio between sorting in the central portion. If the 
central portion is better sorted than the tail, the curve is said to be excessively peaked 
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or leptokurtic. When tails are better sorted than the central portion, the curve is flat 
peaked and platykurtic. The graphic kurtosis is calculated with the help of the 
following formula: 
KG = (<1>95 - 05) / 2.44(075 - <D25) 
Skewness and Kurtosis were referred to as indicators of selective action of the 
transporting agents by Krumbein and Pettijohn (1938). Folk and Ward (1957) 
suggested that sands deposited near the source are characteristically leptokurtic and 
positive skewed. Mason and Folk (1958) made comparative textural studies of recent 
beach sands, dune and aeolian flat environments. These studies indicate that beach 
sands are normal or negatively skewed and leptokurtic, dune sand have positively 
skewed and are mesokurtic, and 'aeolian flats' sands are positively skewed and 
leptokurtic. Duane (1964) studied recent sediments in the western Pamlico Sound, 
North Carolina and found that : (i) The sign of the skewness can be related to 
environmental energy, as in tidal inlets, littoral zone and beaches, most barrier islands, 
the sediments are very dominantly negative skewed (iii) The area characterized by the 
no particular dominance of either positive or negative skewness are regions where 
winnowing may be effective one day but not the next, and (iii) areas where energy 
levels are low, are characterized by positive skewness, as in sheltered lagoon and 
dunes. Friedman (1961) showed that beach sand generally has negative skewness but 
both dune and river sands usually have positive skewness. 
Bivariant plots of textural parameters: Bivariant plots are used to show the 
interrelationship of the various textural attributes of the Ganga and Yamuna river 
sediments. Different textural parameters of sediments are plotted against each other 
and their relationship is determined statistically by computing their correlation 
coefficient values, which throw light on type of transportation, sediment character and 
depositional environment. Different plots which are used include mean size versus 
standard deviation, mean size versus skewness, mean size versus roundness, mean 
size versus sphericity, roundness versus sorting and sphericity versus sorting. 
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GANGA RIVER 
ANOOPSHAHR 
The graphic mean size values of Ganga river sediments of Anoopshahr ranges 
from 1.8 O - 4.34 O, average being 2.46 O. Most of the samples are fine grained 
followed by medium grained (Table 1). Inclusive graphic standard deviation values 
range fi-om 0.49 O -0.96 O, average being 0.74O. Most of the sediments are 
moderately sorted followed by moderately and well sorted. Inclusive Graphic 
skewness values ranges fi^om 0.94 -1.07, average being 0.99. The graphic kurtosis 
values range from 0.70 - 1.10, average being 0.90. Most of the samples are platykurtic 
followed by mesokurtic. Roundness values of the studied sediments ranging from 
subangular to subrounded. Majority of the studied grains are subangular (average 41 
%), and subrounded (average 33 %). The mean roundness of individual samples range 
fi-om 0.35 to 0.42, average being 0.38 (Table 2). The mean sphericity values of the 
studied samples range from 0.38 to 0.48, average being 0.40 (Table 3). 
Bivariant plots of textural parameters: The mean size of the Anoopshahr sediments 
are plotted against their sorting values and their correlation coefficient values is 
computed as 0.35 (Figurel3a). The mean size versus skewness plot gives a correlation 
coefficient value of -0.20 (Figure 13b). The mean size versus roundness plot gives a 
correlafion coefficient value 0.35 (Figure 13c). The mean size versus sphericity 
diagram has a correlafion coefficient value - 0.38 (Figure 13d). Plot of the roundness 
versus sorting gives a correlation coefficient value of 0.51(Figure 13e).The plot of 
sphericity versus sorting has a correlation of-0.31 (Figure 13f)-
Interpretation: The textural study of nine samples of Anoopshahr shows that they 
are fine to medium grained, moderately sorted to moderately well sorted, strongly fine 
skewed and platykurtic to mesokurtic. Majority of the grains shows low sphericity 
and are subangular to subrounded. Bivariant plots of different parameters indicate that 
mean size versus sorting has moderate relationship and mean size versus skewness 
has poor relationship. Mean size versus roundness and roundness versus sorting has 
moderate relationship whereas mean size versus sphericity has poor relationship. 
Mean sphericity versus sorting has inverse moderate relationship. 
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ANOOPSHAHR 
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NARORA 
The mean size values of Narora sediments ranges from 1.96 O - 3.26 O, average 
being 2.72 O. Most of the samples are medium grained followed by fine grained 
(Table 1). Inclusive graphic standard deviation values range from 0.61 O -0.86 O, 
average being 0.72O. Most of the samples are moderately sorted followed by 
moderately well sorted. Inclusive graphic skewness values ranges fi^om 0.89 - 1.31, 
average being 1.04. Overall the sediments belong to the strongly fine skewed class. 
The graphic kurtosis values range from 0.82 - 1.70, average being 1.18. Most of the 
samples are leptokurtic followed by platykurtic. The grain roundness values ranging 
fi-om subangular to subrounded. In most of the samples, majority of the grains are 
subangular (average44%), and subrounded (average 41%). The mean roundness of 
individual samples range fi-om 0.38 to 0.43, average being 0.38 (Table2). The mean 
sphericity values of sediments range from 0.42 to 0.53, average being 0.46 (Table 3). 
Bivariant plots of textural parameters: The mean size values of the Narora 
sediments are plotted against their sorting values and their correlation coefficient 
values is computed as 0.76 (Figure 14a). The mean size versus skewness plot gives a 
correlafion coefficient value of 0.06 (Figure 14b). The mean size versus roundness 
plot gives a correlation coefficient value -0.17 (Figure 14c). The mean size versus 
sphericity diagram has a correlation coefficient value -0.49 (Figure 14d). Plot of the 
roundness versus sorting gives a correlation coefficient value of 0.38 (Figure 14e). 
The plot of sphericity versus sorting has a correlation of-0.29 (Figure 14f). 
Interpretation: The textural study of six samples of Narora sediments shows that 
they are medium grained, moderately sorted, strongly fine skewed and leptokurtic. 
Majority of the grains show low sphericity and are subangular to subrounded. 
Bivariant plots of different parameters indicate that mean size versus sorting has poor 
relationship. Mean size versus skewness has negatively moderate relafionship whereas 
mean size versus roundness has poor negative relationship. Mean size versus 
sphericity, mean sphericity versus sorting has moderate inverse relationship. Sorting 
versus roundness has moderate relationship. 
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RAJGHAT 
The graphic mean size of Rajghat sediments ranges from 2.990 - 4.99 O, 
average being 3.98, indicating overall fine grain sediments (Table 1). Inclusive 
graphic standard deviation values range from 0.30O - 0.70O, average being 0.51 O, 
indicating overall moderately well sorted sediments. Most of the sediments are 
moderately well sorted followed by well sorted and moderately sorted. Inclusive 
graphic skewness values ranges from 0.93 - 1.23, average being subrounded (average 
41%). The graphic kurtosis values range from 0.70 - 1.63 , average being 1.14. The 
mean roundness of the individual samples range from 0.36 to 0.45, average being 0.40 
(Table2). The mean sphericity values ranges from 0.34 to 0.48, average 0.42 (Table 
3). Majority of the studied samples show low sphericity followed by medium 
sphericity (Table 3). 
Bivariant plots of textural parameters: The mean size values of the studied samples 
are plotted against their sorting values and their correlation coefficient values is 
computed as 0.88 (Figure 15a). The mean size versus skewness plot gives a 
correlation coefficient value of 0.55 (Figure 15b). The mean size versus roundness 
plot gives a correlation coefficient value 0.71 (Figure 15c). The mean size versus 
sphericity diagram has a correlation coefficient value 0.91 (Figure 15d). Plot of the 
roundness versus sorting gives a correlation coefficient value of 0.38 (Figure 15e). 
The plot of sphericity versus sorting has a correlation of 0.64 (Figure 15f). 
Interpretation: The textural study of nine samples of Rajghat shows that they are 
fine grained, moderately well sorted, strongly fine skewed, platykurtic and 
leptokurtic. Majority of the sediments shows low sphericity and are subangular to 
subrounded. Bivariant plots of different parameters indicate that mean size versus 
sorting, mean size versus skewness, mean size versus roundness, roundness versus 
sorting, mean size versus sphericity and sphericity versus sorting has good 
relationship. 
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KACCHLA 
The graphic mean size values of Kacchla sediments ranges from 2.15 O -
3.80O, average being 2.810, indicating overall medium grain sediments. Most of the 
samples are medium grained followed by fine grained (Table 1). Inclusive graphic 
standard deviation values range from 0.35O -0.70 O, average being 0.5 lO, indicating 
overall moderately well sorted sediments. Most of the sediments are well sorted 
followed by moderately well sorted. Inclusive graphic skewness values ranges from -
0.10 -0.50, average being 0.50. Most of the sediments belong to the strongly fine 
skewed class. The graphic kurtosis values range from 0.69 - 1.90, average being 0.69, 
suggesting overall platykurtic. Most of the samples are platykurtic followed by 
leptokurtic. The grain roundness values ranging from subangular to subrounded. In 
most of the samples, majority of the grains are subangular (average 44 %), and 
subrounded (average 50 %). The mean roundness of individual samples range fi^om 
0.39 to 0.43, average being 0.41 (Table2). The mean sphericity values of the studied 
samples range fi-om 0.36 to 0.50, average being 0.44 (Table3). Bivariant plots of 
textural parameters: The mean size values of the Kacchla sediments are plotted 
against their sorting values and their correlation coefficient values is computed as 
0.49 (Figure 16a). The mean size versus skewness plot gives a correlation coefficient 
value of 0.10(Figure 16b). The mean size versus roundness plot gives a correlation 
coefficient value 0.079 (Figure 16c). The mean size versus sphericity diagram has a 
correlafion coefficient value -0.27 (Figure 16d). Plot of the roundness versus sorting 
gives a correlafion coefficient value of -0.28 (Figure 16e). The plot of sphericity 
versus sorting has a correlation of-0.36 (Figure 16f). 
Interpretation: The textural study of fourteen samples of Kacchla area shows that 
they are medium grained followed by fine grained , moderately well sorted and 
strongly fine skewed , platykurtic to leptokurtic. Majority of the grains shows low 
sphericity and are subangular to subrounded. Bivariant plots of different parameters 
indicate that mean size versus sorting has good relationship. Mean size versus 
skewness has poor relafionship whereas mean size versus roundness has good inverse 
relationship. Sorting versus roundness, mean size versus sphericity, mean sphericity 
versus sorting has negatively inverse moderate relationship. 
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Figure 16. Bivariant plot of (a)Mean size versus roundness (b) Mean size versus skewness(c) Mean size versus 
roundness (d) Mean size versus mean sphericity (e) Mean roundness versus sorting) (f) Mean sphericity versus sorting. 
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THESIS 
YAMUNA RIVER 
SHERGARH 
The graphic mean size of Shergarh sediments ranges from 2.00 O - 4.00 O, average 
being 2.81 O, indicating overall medium grain sediments. Most of the samples are 
medium grained followed by fine grained (Table 1). Inclusive graphic standard 
deviation values range from 0.28O -0.54O, average being 0.38O, indicating overall 
very well sorted sediments. Most of the sediments are very well sorted followed by 
well sorted. Inclusive graphic skewness values ranges fi-om O.Il -0.73, average being 
0.25. Most of the samples belong to the fine skewed class. The graphic kurtosis values 
range from 0.53 - 1.77, average being 1.12, suggesting overall leptokurtic sediments. 
Most of the samples are leptokurtic followed by platykurtic. Roundness values 
ranging from subangular to subrounded class. Most of the grains are subangular 
(average 42 %) and subrounded (average 34 %). The mean roundness of individual 
samples range from 0.37 to 0.41, average being 0.38 (Table2). The mean sphericity 
values of the studied samples range from 0.38 to 0.49, average being 0.42 (Table3). 
Bivariant plots of textural parameters: The mean size values of Shergarh sediments 
are plotted against their sorting values and their correlation coefficient values is 
computed as -0.29 (Figure 17a). The mean size versus skewness plot gives a 
correlation coefficient value of 0.54 (Figure 17b). The mean size versus roundness 
plot gives a correlation coefficient value 0.24 (Figure 17c). The mean size versus 
sphericity diagram has a correlation coefficient value -0.10 (Figure 17d). Plot of the 
roundness versus sorting gives a correlation coefficient value of 0.66 (Figure 17e). 
The plot of sphericity versus sorting has a correlafion of-0.14 (Figure 17f). 
Interpretation: The textural study of ten samples of Shergarh shows that they are 
medium grained followed by fine grained, very well sorted, strongly fine skewed and 
leptokurtic to platykurtic. Majority of the grains shows low sphericity and are 
subangular to subrounded. Bivariant plots of different parameters indicate that mean 
size versus sorting has negative inverse relationship. The mean size versus skewness, 
mean size versus roundness and mean size versus sphericity has good to moderate 
relationship. Plots of the roundness versus sorting and sphericity versus sorting have 
negative poor relationship. 
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Figure 17. Bivariant plot of (a)Mean size versus roundness (b) Mean size versus sicewness (c) Mean size versus 
roundness (d) Mean size versus mean sphericity (e) Mean roundness versus sorting) (f) Mean sphericity versus sorting. 
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MAHAVAN 
The graphic mean size values of Mahavan sediments ranges from 2.180 - 3.73 O 
average being 3.00O. Out of the seven studied samples, four samples are fine grained 
and remaining three are medium grained (Table 1). Inclusive graphic standard 
deviation values range from 0.25O - 0.43O, average being 0.32O, indicating overall 
very well sorted sediments. Most of the samples are very well sorted followed by well 
sorted. Inclusive graphic skewness values ranges from 0.10 -0.50, average being 0.23 
and belongs to the fine skewed class. The graphic kurtosis values range from 0.24 -
1.24, average being 0.86. Most of the samples are leptokurtic followed by platykurtic. 
The samples have grain roundness ranging from subangular to subrounded. Majority 
of the studied grains are subangular (average 43%), and subrounded (average 40 %). 
The mean roundness of individual samples range from 0.30 to 0.41, average being 
0.39 (Table2). The mean sphericity values range from 0.38 to 0.49, average being 
0.42 (Table 3). 
Bivariant plots of textural parameters: The mean size values of Mahavan 
sediments are plotted against their sorting values and their correlation coefficient 
values is computed as -0.27 (Figure 18a). The mean size versus skewness plot gives a 
correlation coefficient value of 0.55 (Figure 18b). The mean size versus roundness 
plot gives a correlation coefficient value -0.91 (Figure 18c). The mean size versus 
sphericity diagram has a correlafion coefficient value 0.39 (Figure 18d). Plot of the 
roundness versus sorting gives a correlation coefficient value of 0.09 (Figure 18e). 
The plot of sphericity versus sorting has a correlafion of-0.17(Figure 18f). 
Interpretation: The textural study of seven samples of Mahavan shows that they are 
fine grained followed by medium grained , very well sorted, fine skewed to strongly 
fine skewed and leptokurtic to platykurtic. Majority of the sediments shows low 
sphericity and are subangular to subrounded. Bivariant plots of different parameters 
indicates that mean size versus sorting has negative inverse relafionship . The mean 
size versus skewness has posifive relationship. Mean size versus roundness and mean 
size versus sphericity have good and poor and inverse relationship. Plots of the 
roundness versus sorting have moderate relationship and sphericity versus sorting has 
poor inverse relationship. 
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VIRINDAVAN 
The graphic mean size values of Virindavan sediments ranges from 2.80O -
4.00 O average being 3.1 lO, indicating fine to medium grain sediments. Most of the 
samples are fine grained followed by medium grained (Table 1). Inclusive graphic 
standard deviation values range fi-om 0.30O - 0.86O, average being 0.52O. The 
studied samples are well sorted, moderately well sorted and very well sorted. 
Inclusive graphic skewness values ranges from -0.40 - 0.68, average being 0.50 and 
belongs to the course to fine skewed class. The graphic kurtosis values range from 
0.25- 2.50, average being 1.09. Most of the samples are very leptokurtic followed by 
platykurtic and mesokurtic. Roundness values ranging from subangular to 
subrounded. In most sediment samples, majority of the grains are subangular (average 
54%), and subrounded (average 32%). The mean roundness of individual samples 
range fi"om 0.36 to 0.41, average being 0.40 (Table2). The mean sphericity values of 
sediment samples range fi-om 0.34 to 0.76, average being 0.44 (Table 3). 
Bivariant plots of textural parameters: The mean size values of Virindavan 
sediments are plotted against their sorting values and their correlation coefficient 
values is computed as 0.89 (Figure 19a). The mean size versus skewness plot gives a 
correlation coefficient value of-0.57 (Figure 19b). The mean size versus roundness 
plot gives a correlation coefficient value 0.50 (Figure 19c). The mean size versus 
sphericity diagram has a correlafion coefficient value 0.08 (Figure 19d). Plot of the 
roundness versus sorting gives a correlation coefficient value of 0.46 (Figure 19e). 
The plot of sphericity versus sorting has a correlafion of-0.04 ((Figure 19f). 
Interpretation: The textural study of seven samples of Virindavan shows that they 
are fine grained followed by medium grained , very well sorted, coarse to fine 
skewed and very leptokurtic to platykurtic. Majority of the sediments shows low 
sphericity and are subangular to subrounded. Bivariant plots of different parameters 
indicate that mean size versus sorting has good relationship. The mean size versus 
skewness has negative inverse relationship. Mean size versus roundness has moderate 
relationship and mean size versus sphericity has poor relationship. Plot of the 
roundness versus sorting has moderately relationship and sphericity versus sorting 
has poor relafionship. 
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Figure 19. Bivariant plot of (a)Mean size versus roundness (b) Mean size versus sl<ewness (c) Mean size versus 
roundness (d) Mean size versus mean sphericity (e) Mean roundness versus sorting) (f) Mean sphericity versus sorting. 
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INTERPRETATION OF TEXTURAL ANALYSIS 
The characteristics of size statistics revealed by mean size indicate fluctuations 
in the depositing media with fine grained sand deposited in low energy environment. 
The moderately sorted to well sorted sediments of Ganga and Yamuna river are 
indicative of smooth and stable currents in the fluvial regime. The positive skewness 
character of the sediments indicates deposition in low to moderate energy condition. 
Most of the kurtosis values are leptokurtic to platykurtic indicating that central portion 
is better sorted than the tails of the curves. Large populations of subangular to 
subrounded grains indicate short transportation of the sediments. However, these 
features may remain so even after long distance of transport (Pettijohn, 1975). 
Bivariant plots of various parameters indicate that, mean size versus sorting has 
moderate to good sorting relationship indicating increased in grain size with increased 
sorting which reflects constant hydrodynamic condition during deposition. Mean size 
versus skewness has poor to good relationship and the samples are strongly fine 
skewed to fine skewed, in narrow range of mean size indicating fluctuation in energy 
condition of depositional medium. Mean size versus roundness has moderate to good 
relationship, indicating increase in roundness with increase in grain size. Mean size 
versus sphericity has poor, moderate to good relationship hinting a decrease in 
sphericity with increase in grain size. Roundness versus sorting has poor to moderate 
relationship giving indication of increase in roundness with sorting. Sphericity versus 
sorting has poor, moderate to good relationship, also suggests increase in sphericity 
with sorting. 
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CHAPTER IV 
DETRITAL MINERALOGY 
The composition of the sands is the mixture of mineral grains and rock 
fragments coming from naturally disintegrated products of erosion of rocks of all 
kinds. Minerals may be destroyed or altered by weathering or during transportation en-
route to the sedimentation site or by diagenesis. The detrital composition of the 
sandstones is controlled by several factors such as tectonic settings (Dickinson and 
Suczek, 1979; Valloni and Mazzardi, 1984; Dickinson, 1985; Valloni, 1985), 
Transportation mechanism; (Lucchi, 1985; Velbel, 1985), effect of the climate 
(Suttner, 1974; Mack, 1984; Basu, 1985; Suttner and Dutta, 1986; Grantham and 
Velbel, 1988; Girty, 1991; Akhtar and Ahmad, 1991) and diagenetic modification 
(McBride, 1985; Akhtar et al; 1992; Ahmad and Bhat, 2006; Ahmad et al., 2007, 
2008, 2009). The present study deals with the detrital mineralogy of the Ganga and 
Yamuna river sediments in order to make a petrographic classification and 
interpretation for provenance. Much work has been done on sandstone classification 
during the last four decades, and important contribution have been summarized by 
Klien (1963), Okada(1971), Folk(1980) and Dickinson (1985). 
Many workers have made attempts to categorize detrital quartz genetically 
because it is the chief and dominant constituent of sandstones and indicative of 
provenance. Mackie (1896) was the first to study the detrital quartz grains. Mackie 
(1896) classified detrital quartz into four groups on the basis of their inclusions. Later, 
Krynine (1940, 1946) proposed genetic classification of detrital quartz into three 
types. Viz., igneous (plutonic, volcanic and vein quartz), metamorphic (recrystallised, 
schistose and stretched quartz) and reworked sedimentary quartz, on the basis of 
extinction, inclusion and grain shape. Krynine's plutonic quartz was modified to 
common quartz by Folk (1980) because most of the quartz from other sources 
(metamorphic, vein, etc.) has the same characteristics. Folk (1980) also classified 
detrital quartz empirically on the basis of extinction and inclusions. Blatt and Christie 
(1963) concluded that undulatory extinction is not a reliable guide to the provenance 
of quartz. Fuji (1958) recognized four varieties of quartz including cryptocrystalline 
quartz (chert). Several workers (Fuji, 1958; Folk, 1980) described chert as 
microcrystalline quartz, cryptocrystalline quartz and chalcedonic quartz. Chert was 
grouped into four varieties as fine grained, coarse grained, specular and silty 
(Pettijohn et al, 1987). Several workers now consider chert as rock fi-agment. 
The significance of feldspar has been discussed in relation to source, 
paleoclimate and tectonism (Martens, 1931; Russell, 1939; Krynine, 1948; Hayes, 
1962; Pittman, 1963; Rim Saite, 1967; Folk, 1980; Field and Pilkey, 1969; Pettijohn 
et al., 1987; Dickinson, 1985). Authigenic feldspar is believed to be a criterion of 
recognising marine origin. The importance of metamorphic, sedimentary and volcanic 
rock fi-agments were described by Folk (1980), Pettijohn et al. (1987) and Pettijohn 
(1975). 
Although, heavy minerals in sediments and sedimentary rocks are used as a 
guide for source - rock characterizafion, lithological variation, mineral zonation and 
dispersal pattern (Pettijohn, 1957; Milner, 1962 and Morton; 1985). In view of this 
view in mind some definite assemblages of heavy minerals were described and related 
to their probable source rock ( Boswell, 1933; Krumbein and Pettijohn, 1938; Feo-
Codecido,1956; Pettijohn, 1975; Fuji,1958; Ijima,1959; Baker,1962; Okada , 1967; 
Folk, 1980; McCarley, 1981). 
METHODS OF STUDY 
In the present study detrital mineral composition of Ganga and Yamuna river 
sands is evaluated both quanfitatively and qualitatively in 61 thin sections of the study 
area. These samples including 9 from Anoopshahr, 7 from Raj ghat, 6 fi-om Narora, 
14 fi-om Kacchla, 10 fi^om Shergarh, 7 from Mahavan, 8 from Virindavan were 
selected to determine the modal composition and other petrographic characters of the 
Ganga and Yamuna rivers sands. For quantitative analysis about 200 -300 grains were 
counted per slide for a uniform coverage of thin sections. K- feldspar grains were 
idenfified by staining with cobaltinitrate solution. Terminology of Krynine (1940) and 
Folk (1980) is followed for describing varieties of quartz and other framework 
constituents. Fuchtbaur (1974) described that heavy mineral species may vary in 
relative abundance with respect to grain size. It is belived that the size fi-action finer 
than modal class records maximum concentrafion of heavy minerals (Rittenhouse, 
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1943). Therefore, the class finer than the modal class was selected for heavy mineral 
analysis in the present study. Heavy minerals were separated by employing Milner's 
(1962) method. 
DETRITAL MINERAL COMPOSITION 
The studied sand samples are mainly composed of several varieties of quartz 
followed by rock fragments, feldspar, micas and heavy minerals. The average 
composition of detrital minerals in the Ganga river sediments are: monocrystalline 
quartz (77.13 percent), polycrystalline recrystallized metamorphic quartz (2.16 
percent), stretched metamorphic quartz (2.08 percent), feldspar (3.08 percent), rock 
fragment (4.91 percent), mica (3.55 percent ) and heavy minerals (7.05 percent) 
(Table 4) and the average composition of detrital minerals in the Yamuna river 
sediments are: monocrystalline quartz (75.53 percent), polycrystalline recrystallised 
metamorphic quartz (2.60 percent), stretched metamorphic quartz (3.25 percent), 
feldspar (4.5 percent), rock fragment (5.96 percent), mica ( 3.64 percent) and heavy 
minerals (4.5 percent) (Table 4). 
QUARTZ 
Quartz is the most dominant constituent and its varieties have been recognized 
on the basis of Folk's (1980) classification scheme. Most of the quartz grains are 
monocrystalline, along with some polycrystalline grains. The monocrystalline quartz 
generally shows undulatory extinction. Polycrystalline quartz grains possess both 
sharp and sutured intercrystalline boundaries. The observed varieties of quartz are: 
common quartz, recrystallised metamorphic quartz and stretched metamorphic quartz. 
The average percentage of different quartz types are: common quartz (77.13 percent), 
polycrystalline recrystallized metamorphic quartz (2.16 percent) and stretched 
metamorphic quartz (3.25 percent) (Table 4). 
COMMON QUARTZ 
The Ganga and the Yamuna river sands under study consists of dominantly 
common quartz (Plate IV A). It constitutes 74% to 83% ( average 78.22%) in 
Anoopshahr; 71% to 80% (average 75.85%) in Narora; 71 % to 85 % (average 
77.28%), in Rajghat ; 74% to 80% ( average 76.66%) in Kacchla, 65% to 83 % ( 
75 
average 75.4 %) in Shergarh, 68% to 84 % (78.28 average %) in Mahavan, 68 % to 
79 % ( average 73.37%) in Virindavan (Table 4). 
Most of the quartz grains are irregular subequant and subangular to 
subrounded. The quartz shows straight to slightly undulose extinction. The grains 
show a clear appearance having few inclusions. The angular grains are marked with 
fractures while the subrounded and the rounded grains show smooth surface. Mineral 
inclusions are commonly of micas, zircon, tourmaline and opaques. Quartz grains are 
colourless in the ordinary light and show brilliant interference colours in the form of 
rings in cross nicol. This type of quartz was termed as plutonic quartz by Krynine 
(1940) and common quartz by Folk (1980). 
RECRYSTALLISED METAMORPHIC QUARTZ 
Recrystallised metamorphic quartz comprises \% to 6% ( average 2.44%)) in 
Anoopshahr, 2 % to 4 %o ( average 2.5 %>) in Narora, \% to 3% ( average 2.42%) in 
Rajghat, 1 % to 4 % ( average 1.71 %) in Kacchla, 1 % to 4 % ( average 2.0 %) in 
Shergarh , 2 %> to 5 % (average 2.85%) in Mahaban, 1 % to 4 % ( average 3 %>) in 
Virindavan (Table4). 
It occurs as composite grains of fine to medium size and equant to subequant 
shape (Plate IV B). The quartz grains made up of a mosaic of microcrystalline to fine 
grained sub-individuals. The sub-individuals are equidimensional with straight to 
curved boundaries and straight extinction. The grains are mostly subrounded to 
rounded but subangular grains are also present. Presence of minute mica flakes and 
clay impurities are common. 
STRETCHED METAMORPHIC QUARTZ 
Stretched metamorphic quartz comprises Wo to 4%o ( average 2.11%)) in 
Anoopshahr, 1%) to 5 % ( average 2.5 %) in Narora, 1% to 4% ( average 1.85%) in 
Rajghat, 2% to 5 % ( average 2.0 %) in Kacchla, 2% to 5 % ( average 3.1 %) in 
Shergarh, 2 % to 7 % (average 3.57 %) in Mahavan, 1 % to 5 % ( average 3.12 %) in 
Virindavan (Table 4) . 
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PLATE IV 
oETj 
B 
PLATE - IV 
Photo A. Photomicrograph showing common quartz. 
Photo B. Photomicrograph showing recrystallized metamorphic 
quartz. 
Photo C. Photomicrograph showing stretched metamorphic 
quartz. 
Photo D. Photomicrograph showing microcline grain. 
Photo E. Photomicrograph showing phyllite fragment. 
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The grains are polycrystalline and are mostly platy to elongate (Plate IV C). 
The sub-individual grains show almost sub-parallel to almost parallel orientation with 
sutured boundaries and undulose extinction. Sometimes, the sub individual grains 
occur independently as monocrystalline grains which are easily recognized and 
distinguished from monocrystalline common quartz by characteristic features such as 
elongated and lensoid shape, abundant healed fractures and highly undulose 
extinction. 
FELDSPAR 
The detrital feldspar includes both fresh and altered varities and it occurs in 
small amount: in Anoopshahr 0 % to 3% ( average 0.65%), in Narora 0 to 2% ( 
average 1.00%), in Rajghat 0 to 2% ( average 1.00%), in Kacchla 0 to 3% ( average 
1.16%), in Shergarh 1% to 4% ( average 1.90%)), in Mahaban 0 to 2% ( average 
0.71%)) in Virindavan (Table 4). 
Two varieties of feldspar have been recognized in the Ganga and Yamuna 
river sands in order of their abundances which include microcline (Plate IV D) and 
plagioclase. Most of the plagioclase grains are colorless and show grey colour in cross 
nicols. The grains are prismatic in outline, angular to subrounded grains. The 
plagioclase shows different twinning laws. Microclines occurs in the form of 
prismatic and rounded broken grains. They are colourless or grey and representing 
cross hatch twinning. Altered felspars (plagioclase and microcline) have a dusty 
appearance under plain polarized light. Their interference colors posses shades of 
grey and brown. 
ROCK FRAGMENTS 
Sedimentary and metamorphic rock fragments are sparsely distributed in the 
Ganga and Yamuna river sediments. Quartzite and schist are the most common 
varieties of rock fragments present in the studied sands. However, some fragments of 
gneiss sand phyllite (Plate IV E) have also been recorded. The sedimentary rock 
fragments include chert, sandstone, limestone and siltstone. They are subrounded to 
well rounded and their size is similar to that of surrounding quartz grains. Rock 
fragments are found in variable proportion in each section, for example, in 
82 
Anoopshahr 3% to 6% ( average 4.44 %), in Narora 3% to 8% ( average 5 %), in 
Rajghat 2 % to 8% ( average 4.71 %), in Kacchla 3 % to 7 % ( average 5.28 %),in 
Shergarh 2 % to 7% ( average 5.3 %), in Mahavan 4 % to 10 % ( average 6.14 %), in 
Virindavan 4 % to 10 % ( average 6.62 %). (Table 4). 
Metamorphic rock fragments include phyllite, gneiss, schist and quartzite. 
They are of the same order of size as the detrital quartz grains, but are relatively 
rounded to sub rounded than the latter. 
MICA 
Mica grains occur as traces in all the 7 studied areas of the Ganga and Yamuna 
river sediments. They include muscovite (Plate IV F) and biotite. Their percentages 
range from 2 to 7 % (average 3.66 %), in Anoopshahr, 2% to 6% ( average 3.71 %), 2 
% to 4 % (average 2.83 %) in Narora in Rajghat, 2 % to 5 % ( average 3.71 %) in 
Kacchla, 2% to 7 % (average 4.90 %) in Shergarh, 0 % to 3 % ( average 2.0 %), in 
Mahavan 2 to 7 % (average 3.5 %) in Virindavan (Table 4). Both muscovite and 
biotite occur as tiny to large elongate flakes with frayed ends. The flakes occasionally 
show mechanical deformation as the result of pressure by the accompanying quartz 
grains. Biotite grains are generally yellowish brown in color. 
HEAVY MINERALS 
In addition to the above described framework constituent of the Ganga and 
Yamuna river sands, a suite of the following heavy minerals are also observed- (Table 
5) 
Tourmaline: Tourmaline is the most commonly occurring heavy mineral in the 
Ganga and Yamuna river sands (Plate VA, B). The percentage ranges from 19.5 % to 
24.07% ( average 22.44%) in Anoopshahr, 13.8% to 20.50% (average. 17.76 %) in 
Narora, 19.8% to 28.84% (average. 26.18 % ), in Rajghat 32.9 % to 40.2 % (average 
37.02 % ) in Kacchla, 5.6% to 19.5% (average 13.03 % ) in Shergarh, 5 % to 20 % 
(average 13.66 %) in Mahavan and 15.5 % to 23 %> (average \9%) in Virindavan. 
Brown, green, greenish brown and blue varieties of tourmaline varieties are common 
in studied sands. Most of the grains are prismatic however subrounded to well 
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rounded grains are also present. Tounnaline is strongly pleochroic, marked with 
striations and show parallel extinction. 
Garnet: Garnet is the second most abundant heavy mineral in the Ganga and Yamuna 
river sands (Plate VC, D). The amount of the garnet varies from 31.25% to 44.5%, 
(average 37.32 %) in Anoopshahr, 24% to 33.5% (average 28.92%) ) in Narora , 
39.6% to 41.34% (average 39.8%) in Rajghat, 17.7% to 25.2%. (average 22.14 %,) in 
Kacchla, 20.5%o to 33.5%, (average 27.82%, ) in Shergarh, 25%, to 30%,, (average 
28.0%,) in Mahavan, (13.3%, to 33.0 %o, average 17.9%,) in Virindavan. The colorless 
and pink varities are most abundant followed by brown and red 
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PLATE V 
B D 
H 
K 
M N 
PLATE V 
Photo A,B, 
Photo C,D 
Photo E. 
Photo F. 
Photo G. 
Photo I. 
Photo J. 
Photo K. 
Photo L. 
Photo M. 
Photo N. 
Photo O. 
Photomicrographs showing brown and green variety of 
tourmaline. 
Garnet grain showing unidentified inclusions and pitted 
surface. 
Photomicrograph showing opaques. 
Photomicrograph showing zircon grain. It shows well 
developed crystal faces in the form of Pyramid. 
Kyanite marked rectangular outline, elongated and two sets 
of cleavage. 
Sillimanite grain fibres in nature, irregularly terminated 
and striations are parallel to length. 
Tremolite/ Actinolite showing fibres and irregular outline. 
Hypersthene showing schiller structure. 
Anatase showing geometrical pattern 
Hornblende elongated in form dark colour. 
Biotite grain showing brown colour. 
Rutile showing angular to subangular marked with dark 
border. 
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colored varities. Most grains are roughly equidimentional marked with the fractures 
on the surface. Grains are mostly angular to subrounded. 
Opaque: Opaques form the major part of the heavy mineral crop in this study. The 
amount of the opaques varies from 7.40% to 12.5 % (average 9.5%) in Anoopshahr 
9.61% to 14.8% (average 11.84 %),13.4% to 25% (average 20.17% ) in Narora, in 
Rajghat, 6% to 11.3% (average 8.66% ) in Kacchla, 15% to 20% (average 17.66%) in 
Shergarh, 8.9% to 13.0%, (average 10.8% ) in Mahavan, 12.9% to 15.5 % (average 
14.3%) in Virindavan. Three varieties of opaques (in reflected light), viz., limonite 
(yellowish brown), hematite (reddish brown) and magnetite (silver black) are 
identified. These opaque grains are angular to subrounded (Plate V E). 
Zircon: The amount of zircon varies from 0.99%) to 5.55% (average 3.56 %> ) in 
Anoopshahr, 1.52% to 3.35%) (average 2.57%) in Narora, 2.56 % to 1.92 %> (average 
2.48 %) in Rajghat, 3.32 % to 6.5 % (average 5.27%) in Kacchla, 5.53% to 7.4% 
(average 6.33%) in Shergarh, 6.0% to 8.0% (average 7.0%) in Mahavan, 4.9% to 
6.83%) (average 5.99%)) in Virindavan. Zircon grains are pyramidal in shape with 
angular to subrounded boundaries (Plate V F). The most common zircon variety in the 
ganga and Yamuna sands are colorless, pink and light yellow. They contain some 
inclusions of opaque and other minerals. 
Kyanite: The amount of kyanite varies from 1.85% to 3.44%) (average. 2.84%)) in 
Anoopshahr, 2.66% to 6.69% (average 4.55%) in Narora, 2.97% to 4.80% (average 
3.72% ) Rajghat, , 2.87% to 3.40% (average 3.11%) in Kacchla, 4.5% to 5.9% 
(average 4.96%)) in Shergarh, 5.0 % to 6.0 % (average 5.66%) in Mahavan 6.0% to 
11.1% (average 7.03%)) and Virindavan. Only colourless variety of kyanite is 
identified in the studied sands. The grains are angular to subrounded and elongated, 
marked with the rectangular outlines (Plate V G). 
SiUimanite: Sillimanite varies from 0.99% to 3.12%) (average 2.06%) in Anoopshahr, 
1.33% to 1.52% (average 1.05% ) in Narora, 0.85% to 0.99% (average 0.90% ) in 
Rajghat, 0.99% to 3% (average 1.47%) in Kacchla, 1.0%) to 1.0% average 1.0%) in 
Shergarh, 3.21% to 4.44% (average 3.41%) in Virindavan. A colorless variety is 
dominated, followed by a green variety. The grains occur as slender prism or fibres 
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with fractured or irregular terminations (Plate V H). Generally the grains are 
subangular to subrounded. 
Staurolite: Staurolite varies from 0.99 % to 1.85 % (average 0.99%) in Anoopshahr, 
1.52% to 2.77% (average 2.15%) in Narora, 0.96% to 1.98% (average 1.54%) in 
Rajghat, 1.99 % to 2.26 % (average 2.12%)) in Kacchla. Two varities, straw yellow 
(dominant) and brownish yellow have been identified. The grains are irregular and 
subangular to subrounded. 
Epidote: The amount of the epidote varies from 0.99% to 1.85% (average 1.38% ) in 
Anoopshahr, 1.33% to3.35 % (average 1.51%) in Narora, 0.96% to 0.99% (average 
0.93% ) in Rajghat, 2.21% to 3.49% (average 2.72%) in Kacchla, (5 % to 10.68 % 
(average) in Shergarh, 5.55 % to 18.0 % (average 11.18%) in Mahavan, 8.54%, to 9.5 
% (average 8.95 %) in Virindavan. Pale greenish, yellow, lemon yellow and dark 
green varities have been identified in the studied sands. The grains are subangular to 
sub rounded (Plate V I). 
Actinolite/tremolite: Actinolite/tromolite occurs in minor amount in some sectors. Its 
percentage varies from 0.99% to 1.85% (average 1.1% ) in Anoopshahr , 1.33 %> to 
3.05 % (Avg. 1.85 %) in Narora, 0% to 2.88% (average 0.96%) in Rajghat, 0.90% to 
1.79% (average 1.14%) in Kacchla, 1.0% to 1.2% (average 0.73%) in Shergarh, 2.0% 
to 3.4% (average 2.70%)) in Mahavan s 0% to 2% (Avg. 0.5%) in Virindavan. 
Actinolite shows green colour whereas tremolite is colourless. Generally the grains 
are irregular prismatic. Actinolite grains are fibrous in nature (Plate V J). 
Hypersthene:The amount of the hypersthene varies from 0 % to 1.85% (average 
0.46%) in Anoopshahr, 0% to 1.52% (average 0.38%) in Narora 0% to 0.96% 
(average 0.65%)) in Rajghat, , 1% to 2.15% (average 1.59%) in Kacchla , 0.95% to 
1.80% ( average 1.25 %) in Shergarh, 1.4 % to 3 % ( average 2.26%) in Mahavan, 
2.0% to 6.66% (average 5.35) in Virindavan. It shows greyish green and pale green 
colours. Usually it occurs as prismatic and subangular to subrounded (Plate V K). 
Anatase: It occurs only in Rajghat area and its percentage ranges from 0%) to 0.99%) 
(average 0.61%). The grains are rectangular and subhedral in form and show frequent 
development of zoning or 'geometrical patterns' (Plate V L) 
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Hornblende: The amount of the hornblende varies from 2.97% to 7.40% (average 
4.62 % ) in Anoopshahr, 1.67% to 4.58% (average 2.92) Narora, 1.93% to 2.97% 
(average 2.48%) in Rajghat, , 0.50% to 3.49% (average 2.15%) in Kacchla, 0.95% to 
2.0% (average 1.32%)) in Shergarh, 1.7 % to 2.6 % (average 2.26%) in Mahavan, 
2.5%) to 4.44 % ( average 2.87%) in Virindavan. Hornblende shows a characteristic 
green color. Usually the grains are elongate and irregularly terminated (Plate V M). 
Biotite: The amount of the biotite varies from 1.85% to 6.25%) (average 4.16 ) at 
Anoopshahr, 5.33%) to 6.70% (average 5.92 %) in Narora, 0.85%) to 3.96% (average 
1.92% ) in Rajghat, 0.50% to 1.99 % (average 0.92%) in Kacchla, 1.7% to 2.0% 
(average 1.8%) in Shergarh, 1.0% to 1.0% (average 1.0%) in Mahavan, 8.54% tol 1.1 
% (average 9.82) in Virindavan. Biotite grains are prismatic or flakes with irregular 
outlines. Pale brown and yellowish color varities of biotite are common (Plate V N). 
Rutile: The amount of the rutile varies from 1.14%o to 1.98% (average 1.63 %) at 
Anoopshahr, 0% to 2.01% (average 0.88%) in Narora, 0% to 0.85% (average 0.28%) 
in Rajghat, 0% to 0.57% (average 3.56%) in Kacchla, 2.9% to 3.9%) (average 3.5%) in 
Shergarh, 1% to 2.05% (average 1.65%) in Mahavan, 1.7% to 2.22% (average 1.96%) 
in Virindavan. Brownish red to yellow varieties of rutile are present. The grains are 
angular to rounded. Elongate prismatic forms occurs with rounded pyramidal ends 
(Plate V O). 
Spinel: The amount of the spinel varies from 1.56 % to 2.29% (average) in 
Anoopshahr, 1.33% to 1.67 % (average 1.09%) in Narora, 0.96% to 1.70% (average 
1.21%) in Rajghat, 0.89% to 1.03% ( average 0.78%) in Kacchla, 0.50% to 1.0% 
(average 0.80%) in Shergarh, 2.0 % to 2.5 % (average 2.33) in Mahavan. Red, 
Reddish yellow and light green varieties of spinel have been identified. The grains are 
rounded to slightly worn octahedral and marked by conchoidal fractures. Inclusions 
of tourmaline and zircon were observed. 
Muscovite: The amount of the muscovite varies from 2.97% to 3.70 % (average 
3.30%)) in Anoopshahr, 3.05%) to 8.33% (average 5.68%) in Narora, 0.96 % to 2.92 
% (average 2.14 ) in Rajghat, 0.99 % to 6.80 % (average 4.2%) in Kacchla 8.5% to 
9.5% (average 9.0%) in Shergarh, 10 % to 11.5 % (average 10.83%) in Mahavan and 
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1.0% to 3.0% (average 1.0%) in Virindavan. The grains are colorless and occur in the 
form of thin flakes. 
Chlorite: The amount of chlorite varies from 0.99% to 1.85% (average 1.38%) in 
Anoopshahr, 0% to 1.38%, (average 0.67%) in Narora, 0% to 0.33 % (average 0.33%) 
in Rajghat, 1.10% to 1.50 % (average 1.27%) in Kacchla. It occurs as flat, rounded 
and irregular flakes. The grains are pale green to dark green in color, with black spot. 
Apatite: Apatite is not present in the sediments of all the studied area. The amount of 
apatite varies from 0% to 1.14% (average 0.28%)) in Anoopshahr, 1.33% tol.67 %, 
(average 1.09%)) in Narora, 0.96% to 1.70%o (average 1.21) in Rajghat, 0.89%) to 
1.03% (average 0.78%) in Kacchla, 0.50% to 1.0% (average 0.80%) in Shergarh, 2.0 
% to 2.5 %) (average 2.33) in Mahavan. The apatite grains are colourless, hexagonal 
and slightly worn elongated prismatic. 
Zoisite: Zoisite grains occur only in Kacchla. The amount of zoisite varies from 
0.83% to 2.50% (average 1.50%). Various varities of zoisite are yellowish brown, 
pale green and colourless. It occurs as prismatic grains. 
Titanite: The amount of titanite varies from {0% tol.56% Avg.0.92%)) at 
Anoopshahr, (1.33% to 1.76%, Avg. 1.56) Narora, (0.85% to 0.99%, Avg.0.93%) in 
Rajghat, (0.95% to 2.18%, Avg. 1.66%) Kacchla. Titanite shows brown, brownish 
yellow or yellowish green colors. The grains are irregular in shape. 
CLASSIFICATION OF SANDS BASED ON FOLKS SCHEME 
For classifying the studied sands according to Folk's (1980) scheme, all 
essential constituents were recalculated to 100 percent ignoring the percentage of clay 
matrix, all chemically precipitates cements, glauconite, bioclasts, peloids, ooids, 
heavy minerals and micas. The essential constituents were allotted to one of the three 
following poles: Q- all types of quartz; common quartz, recrystallized metamorphic 
quartz and stretched metamorphic quartz, reworked sedimentary quartz; F- included 
fresh and altered feldspars plus granite and gneiss fragments; R- all types of rock 
fragments; chert, shale, phyllite, schist, siltstone, limestone etc. 
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The average composition of framework grains of the Ganga and Yamuna river 
sediments is as follows: (Quartz- 91.05 %, Feldspar - 3.66 % and Rock fragments -
5.27%) ( Quartz- 88.84 %, Feldspar - 4.76 % and Rock fragments - 6.40% (Table 6). 
All the samples of the studied sediments plotted near the Q pole, in the sublitharenite 
field (Figure 20). 
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Table 6. Percentage of framework modes of the Ganga and Yamuna river 
sediments, Central Ganga plain, Uttar Pradesh. 
Sample No. Q F L 
ANOOPSHAHR 
Al 
A2 
A3 
A4 
A5 
A6 
A7 
A8 
A9 
91 
91 
93 
93 
93 
92 
93 
93 
90 
3 
4 
2 
3 
3 
2 
2 
1 
5 
6 
5 
5 
4 
4 
6 
5 
6 
5 
NARORA 
Nl 
N2 
N3 
N4 
N5 
N6 
90 
92 
91 
91 
92 
87 
5 
4 
5 
4 
2 
5 
5 
4 
4 
5 
6 
8 
RAJGHAT 
Rl 
R2 
R3 
R4 
R5 
R6 
R7 
K8 
K9 
KIO 
KU 
K12 
K13 
K14 
92 
93 
93 
93 
91 
90 
88 
92 
89 
90 
93 
93 
94 
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SUBARKOSE 
Q QUARTZARENITE 
J] 
SUBLITHARENITE 
Ganga sediments Yamuna sediments 
Figure 20. Classification of the sediments of Ganga and Yamuna river Ganga Central 
Plain, according to Folk (1980) 
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FACTORS CONTROLLING DETRITAL MINERALOGY 
DISTANCE OF TRANSPORT 
The time gap between sediment production and their final deposition may be 
short or long. The processes of mechanical breakdown, abrasion, hydrodynamic 
sorting during transportation, etc. result in compositional maturation of detritus into 
more quartzose detrital mode. The percentages of rock fragments, feldspar and 
polycrystalline quartz, all decrease with increase in transport distance and /or 
reworking (Blatt, 1967; Franzinelli and Potter, 1983; Lucchi, 1985). A downstream 
change in composition or river gravels is long noted. Gravels can become 
compositionally mature in short distance of travel by rapid elimination of less durable 
components. However, the evidence concerning the selective elimination of minerals 
in sand range is ambiguous. Large stream show few or no change in mineral 
composition even during prolonged transport and whatever feeble changes occur are 
not the result of differential abrasion (Russel, 1939). There appears to be only a small 
loss of feldspar relative to quartz and no appreciable loss of feldspar in high gradient 
gravel carrying streams. 
The detrital grains of the Ganga and Yamuna rivers are in the sand size range 
and derived from only few 100 Km distance from the Himalayan and Aravalli ranges. 
Presence of large percentage of subangular to subrounded grains indicate short 
transportation. However, these features may remain so even after a long distance of 
transportation (Pettijohn, 1975). Due to presence of small amount of feldspar and rock 
fragments in the studied sediments, prolonged reworking and presence of high 
gradient stream can be envisaged within the basin. Though the detrital mineralogy of 
the studied sediments appear to have been modified by transportation and climate, it 
has potential to reflect the nature of source rock composition. 
SOURCE ROCK COMPOSITION 
The various types of source rocks produce different suite of detrital minerals 
which reveal the character of that rock from which the suites have been originated. A 
study of both the lighter and heavy minerals of the Ganga and Yamuna river 
sediments is significant in interpreting the provenance character. Among the lighter 
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minerals, quartz is the dominant constituent of the studied Ganga and Yamuna river 
sediments. Therefore, study of detrital quartz can provide an insight to the uhimate 
source rocks. 
Krynine (1946) used quartz as a guide to the provenance. His approach was 
based on grain shape, type of inclusion and extinctions (undulatory and 
nonundulatory). It was presumed that a discrimination between igneous (plutonic) and 
metamorphic origins of monocrystalline quartz could be made on the above 
mentioned basis, but such criteria are usually difficult to apply (Bokman, 1952). 
Quartz of the source rock shows that difference in inclusions and shape, etc., either 
does not exist or may show a wide range of variation. 
Many workers have emphasized the usefulness of polycrystalline or composite 
quartz (Voll, 1960; Blatt and Christie, 1963; Conolly, 1965; Basu, 1985). The 
polycrystalline quartz showing two distinctly different sizes of crystals within a single 
grain is diagnostic of metamorphic quartz. A high ratio of polycrystalline quartz to 
total quartz also suggests a metamorphic source. Voll (1960) noted two types of 
polycrystalline quartz of metamorphic origin, (1) polycrystalline quartz in which 
component grains form polygonal units, with straight boundaries which tend to meet 
at 120 degree angles and (2) polycrystalline quartz which exhibit sutured boundaries. 
Basu et al. (1975) used the criteria of undulosity and polycrystallinity in his 
studies and concluded that higher proportion of moderately to strongly undulose 
monocrystalline quartz grain (undulosity >5'') and higher proportion of polycrystalline 
quartz in medium sand size is characteristic of metamorphic source. Plutonic rocks 
tend to provide non- undulose or weakly undulose (undulosity <5'') monocrystalline 
quartz grains and polycrystalline quartz grains with only two or three sub grains. Folk 
(1980) has identified undulosity and polycrystallinity in detrital quartz grains from 
different source rocks. Young (1976) used the internal fabric of polycrystalline quartz 
for inferring the source rock. 
Rock fragments are among the most informative of all the detrital components. 
Rock fragments like sandstone, quartzite, phyllite, schist, gneiss offer a direct 
evidence of their contribution from various sedimentary, metasedimentary and 
igneous rocks. They carry their own evidence of provenance (Bogg, 1968). 
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Feldspar is present in both Ganga and Yamuna river sediments and because of 
this ubiquity feldspars have long been used as provenance indicator for sand and 
sandstone. Because of their unstable nature, feldspars may be selectively modified or 
removed from the detritus during weathering, transportation and diagenesis, resulting 
in decrease of their effectiveness as a provenance indicator. 
The feldspar grains in Ganga and Yamuna river sediments may be derived 
from different source and show the variation in their chemical and physical properties 
which have genetic implication. The properties of feldspars used to decipher different 
provenance include their chemical compositions, zoning, twinning and structural 
state. 
Zoning in feldspar is also very important because type of zoning /or lack of it 
may serve as a clue to the provenance of the feldspar (Pittman, 1963). The plagioclase 
in volcanic and hypabyssal rocks is characterised by oscillatory zoning whereas this 
type of zoning is rare in plutonic igneous and metamorphic rocks. Trevena and Nash 
(1981) too obtained similar results. Correlation of twinning with host rock lithology 
has been attempted by many workers (Gorai, 1951; Turner, 1951; Tobi, 1962). The 
twinning of K- feldspar has been utilized in provenance studies to distinguish 
microcline bearing rocks from those rich in orthoclase or sanidine. Plymate and 
Suttner (1983) found that frequency of cross- hatched twinning is a quick method for 
correlating K- feldspar bearing sandstone with their source rock. 
Feldspars are very sensitive to the weathering process which requires suitable 
climate as well as a proper length of time. The duration of time through which 
processes of decomposition act is determined by relief. The presence or absence of 
feldspar is the result of the balance between rate of erosion and decomposition. 
Therefore, detrital feldspar is an index of both climatic vigor and tectonism. 
Both the varieties of mica (muscovite and biotite) occur in in the Ganga and 
Yamuna river sediments. These are derived from metamorphic, plutonic and rarely 
from volcanic rocks. The muscovite is chemically more stable than biotite. In general, 
abundant micas are suggestive of metamorphic provenance. Micas present in the 
studied sediments are mainly muscovite and biotite grains derived probably from 
granites, pegmatites or schist. 
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Sediments of Ganga and Yamuna river mainly contain quartz of igneous 
(common quartz) and metamorphic (recrystallised metamorphic quartz, stretched 
metamorphic quartz) origin as well as micas, rock fragments, heavy mineral and 
feldspar. The most abundant quartz is common quartz. It is mainly derived from 
granitic batholiths or granite gneisses. The recrystallised quartz indicates an origin 
from metaquartzite, highly metamorphosed granite and gneissic rocks. The stretched 
quartz was, probably, derived from granites or schist. 
Heavy minerals provide exceptionally useful clue to the nature of source 
rocks. Like lighter fractions, they too are influenced by weathering, transportation and 
diagenesis. Important contribution in this field are those of Krynine (1946); Vintage 
(1957); McCarley (1981); Holland (1984); Zimmerie (1984); Morton (1985); Faupl 
and Wagreich (1992) and Faupl et al. (2002). 
The presence of kyanite-sillimanite in these sediments indicates that in the 
provenance kyanite - sillimanite bearing high - grade metamorphic rocks were 
available for weathering, to contribute to the detritus of the Ganga river. The presence 
of appreciable quantity of unstable minerals like garnet, hornblende, and epidote, 
indicate low intensity of the chemical weathering. Tourmaline of various colours has 
been found in the Ganga and Yamuna river sediments. Brown and blue varities of 
tourmaline may have been derived from pegmatites and the green coloured one from 
granitic rocks (Krynine, 1942). However, rounded tourmaline appears to be derived 
from pre-existing sedimentary source indicating more than one cycle of 
transportation. Colourless garnet may have been derived from schists, light pink 
garnet from acid igneous rocks, i.e., granite, and brownish garnet from igneous 
metamorphic rocks, particularly crystalline gneisses and schists. Zircon may have 
been derived from igneous and crystalline metamorphic rocks. Apatite may have been 
derived from acid igneous rocks and pegmatite (Friedman & Johnson 1982). Epidote 
may have been derived from crystalline metamorphic rocks originally rich in 
ferromagnesian minerals. Rutile may have been derived from sialic igneous and 
crystalline metamorphic rocks. Hypersthene may have been derived from intermediate 
to basic and ultra basic igneous rocks. 
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From the above discussion, interpretation can be drawn that Ganga and 
Yamuna river sediments were derived from a variety of source rocks. Ganga river 
passes through the parts of western and central Himalaya, which comprise granite, 
gneisses, schist and metamorphosed limestone from the horizon of Cambrian and 
Upper Precambrian age. Besides Precambrian slates and phyllite, limestone and shales 
also cover large tracts lying north of the main river. As the river descends into the 
plains near Haridwar, it passes through the Siwalik hills comprising sandstone and 
conglomerate. Among its tributaries, the Yamuna river is most important, which 
drains the sediments mainly through the NW Himalaya and parts of Aravalli Hills and 
derives its detritus from Bundelkhand granites, quartzite and slate from Delhi 
Supergroup, limestone and sandstone of Vindhyan Supergroup contribute some 
sediments to the river. 
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CHAPTER V 
PETROFACIES AND TECTONO-PROVENANCE 
INTRODUCTION 
The intent of sedimentary provenance studies is to reconstruct and to interpret 
the history of sediments from the initial erosion of parent rocks to the final burial of 
their detritus. Petrofacies, as defined by Dickinson and Rich (1972), implies detrital 
composition of sandstone and its significance to regional tectonic framework and 
contemporary tectonic activity in the source and depositional areas. The sandstone 
petrofacies analysis have been effectively employed for deciphering provenance and 
its tectonic setup, source rock composition, role of climate and transport which are 
intum applied to interpret correctly the tectono- sedimentary evolution of 
geoprovenance and its sedimentary cover (Dickinson et al; 1983; Mack; 1984; 
Schwab, 1981; Cox and Lowe; 1995/ Plate tectonic controls the distribution of the 
different types of the sandstones because they govern the key relations between 
provenance and basin. Many studies have pointed to an intimate relationship between 
detrital sand composition and tectonic setting ( Crook, 1974; Ingersoll,1978; 
Potter, 1978; Ingersoll and Suczek,1979; Dickinson and Valloni,1980; Schwab, 1981; 
Valloni and Mezzardi,1984; Bhatia, 1985a; Dickinson, 1985, Bhafia and Crook, 1986; 
Schwab, 1986; Garzanfi,1986; Stefani,1987; DeCelles and Hertel,1989 ; Akhtar and 
Ahmad,1991; Akhtar et al; 1994; Cox and Lowe,1995; CriteUi,1999; Arribus et 
al.,2003; Ahmad and Bhat,2006; Ahmad et al; 2007, 2008, 2009). However, the 
composition of the sandstones is also affected by the factors other than tectonic 
setfing, including transport history (Suttner 1974; Franzinelli and Potter, 1983), 
sedimentary process within the depositional basin (Davies and Ethridge 1975) and 
paleoclimate (Basu, 1976, 1985; Suttner et al; 1981). The proportion of detrital 
framework grains plotted on the triangular diagram provides effective discriminafion 
of a variety of plate-tectonic settings and have been used as a powerful tool for 
determining the origin and tectonic reconstruction of terrigenous deposits (Graham et 
al., 1976; Dickinson, 1985). But, sometimes, correlafion between tectonic setting and 
sandstone petrofacies does not hold well due to other factors that influence the detrital 
mineralogy of sandstones (Ingersoll, 1990). Climate and relief play most important 
role in this regard. The tropical warm and humid climate aided by low relief that 
result in intense chemical weathering, is the most effective agent of modification of 
original detrital composition (Suttner et al.,1981; Basu,1985). Other modifying agents 
are sediment transport across tectonic boundaries and their deposition in tectonically 
alien basin (Velbel,1985; Lucchi,1985), varying tectonic style at provenance and 
mixing from two or more sources (Mack, 1984; Marsaglia and Ingersoll,1992), 
sediment recycling (Blatt,1967; Cox and Lowe, 1995), sediment reworking in 
depositional environment (Espejo and Gamundi,1994) and diagenesis (McBride, 
1985). Hence, it is necessary to synthesis the petrofacies for logical identification of 
tectono-provenance. 
CLASSIFICATION BASED ON DICKINSON'S (1985) SCHEME 
Dickinson (1985) classified sandstone on the basis of their characteristic 
petrofacies, which is primarily controlled by the tectonic setting of their provenance. 
He used detrital modes of 88 sand suites, which reflect different tectonic settings of 
provenance terrains, and grouped the provenance related to continental sources, into 
four major types: 
• stable cratons, 
*t* basement uplifts, 
• magmatic arcs 
• recycled orogens. 
Continental blocks are tectonically consolidated regions composed essentially 
of amalgamations of ancient orogenic belts that have been eroded to their deep seated 
roots and lack any relict genetic relief (Dickinson, 1985). The main sources for craton 
-derived quartzose sands are low lying granitic and gneissic exposures of the shield 
areas, supplemented by recycling of associated flat-lying platform sediments 
(Dickinson and Suczek, 1979). The sands either accumulate as platformal 
successions, deposited within intracratonic basin or transported to passive continental 
margin and the craton flanks of foreland basins. Fault bounded basement uplifts along 
incipient rift belts and transform ruptures within continental blocks shed arkosic sands 
mainly into adjacent linear troughs or local pull apart basins. Similar detritus can be 
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derived from basement uplifts within broken foreland provinces and from eroded 
plutons in deeply dissected magmatic arcs. Magmatic arcs are belts of positive relief 
composed dominantly of penecontemporaneous association of orogenic volcanic and 
plutonic igneous rocks, together with associated metamorphic wallrocks, produced by 
continuing subduction along arc-trench system. The most characteristic sands derived 
from active magmatic arc are volcanoclastic materials erupted and eroded from 
stratovolcano chains and associated ignimbrite plateaus. Arc derived debris is 
typically deposited in forearc or interarc basins, but may also reach foreland basins 
locally. Recycled orogens include the deformed and uplifted supracrustals strata, 
dominantly sedimentary but also volcanic in part, exposed in varied fold thrust belts 
of orogenic regions. 
In the present investigation, the detrital minerals of the Ganga and Yamuna 
river sediments were studied for the purpose of interpreting their tectono provenance 
and plate tectonic setting. Dickinson (1985) classification scheme for sandstone has 
been employed for this purpose. The detrital modes recalculated to 100 percent as the 
sum of Qt, Qm, Qp, F, P, K, L, Lv, Ls, Lt (Table 7). The intrabasinal grains are 
ignored (Zuffa, 1980). The percentage of the heavy minerals ignored because their 
different response to hydrodynamic and geochemical influences make their 
volumetric distribution highly variable. Extrabasinal carbonate grains or detrital 
limeclast (Lc) are not recalculated with other lithic fragments because of their vast 
different geochemical response during weathering and diagenesis, as well as ease of 
confijsion with intrabasinal carbonate grains (intraclast, bioclast, oolites, peloids). 
Table 7. Classification and symbols of grain types (after Dickinson, 1985). 
Quartzose Grains (Qt = Qm + Qp) 
Qt = Total quartz grains. 
Qm = Monocrystalline quartz. 
Qp = Polycrystalline quartz. 
B. Feldspar Grains (F = P+K) 
F = Total feldspar grains. 
P = Plagioclase grains. 
K = K-Feldspar grains 
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Unstable lithic fragments (L = Lv + Ls) 
L = Total unstable lithic fragments. 
Lv = Volcanic/ metasedimentary fragments. 
Ls = Sedimentary/ metasedimentary fragments 
D. Total lithic fragments (Lt = L + Qp) 
Lc = Extra basinal detrital limeclast (not included in L or Lt) 
Four triangular diagrams of Dickinson, 1985 were used (Table 8) for the 
present study: Qt-F-L, Qm-F-Lt, Qp-Lv-Ls and Qm-P-K. Both Qt - F- L and Qm - F 
- Lt plots show full grain populations but with different emphasis. The Qt-F-L 
diagram emphasizing factors controlled by provenance, relief, weathering and 
transport mechanism as well as source rock based on total quartzose, feldspathic and 
lithic modes. In this diagram, the studied sample data mainly plot in the recycled 
orogen provenance field (Figure 21) which suggests their derivation from 
metasedimentary and sedimentary rocks that were originally deposited along former 
passive continental margins (Dickinson and Suczek, 1979; Dickinson, 1985). Few 
samples fall in the continental block provenance suggesting contribution from the 
craton interior with basement uplift. In the Qm-F-Lt diagram, all unstable lithic 
fi-agments including the polycrystalline quartz are plotted together as Lt, to emphasize 
the source rocks. In this diagram, the sample data plot both in the recycled orogen and 
continental block fields (Figure 22). The ratio of monocrystalline quartz to that of 
polycrystalline quartz reflects the maturity of the sediments and sedimentary rocks 
because the amount of polycrystalline quartz tends to reduce by recycling and 
weathering (Basu, 1985). The Qp - Lv- Ls triangular plot, which is based on rock 
fi-agment population reveals the polyminerallic component of source region and gives 
a more resolved picture about the tectonic elements. The Qp -Lv - Ls triangular plot 
emphasizes the type of the orogenic environment from which the detritus was derived 
(Dickinson, 1985). Graham et al. (1976) and Ingersoll and Suczek (1979) suggest that 
Qp - Lv- Ls triangular plot is a useful tool to differentiate detrital modes of the suture 
belts from magmatic arcs and rifted continental margins. The studied data fall in rifted 
continental margin basin setting and collision suture and fold thrust belt setting 
(Figure 23) reflecfing no contribution from the volcanic source. The Qm - P -K plot of 
the data shows that all the sediment contribution is from the continental block 
basement uplift provenance (Figure 24) and is reflected in mineralogical maturity of 
the sediments and stability of the source area. 
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Legend to Petrofacies Fields 
In plot A and B: Continental Block (I); lA-Craton Interior, IB- Transitional 
Continental, IC- Basement Uplift. Recycled orogen (II); IIA- Quartzose, IIB 
Transitional, IIC- Lithic. Magmatic Arc (III); IIIA- Dissected, IIIB- Transitional, 
IIIC- Undissected, IV-Mixed. 
In plot C. I- Rifted Continental Margin, II- Subduction Complex, III- Collision 
Suture and Fold Thrust Belt, IV- Arc Orogen, 
In plot D. I- Circum-Pacific Volcano Plutonic Suites, the arrow indicates 
maturity/ stability from continental block provenance 
Tectono- Provenance 
The term 'provenance' refers primarily to metamorphosed the source rocks 
from which the sediments were derived. Each type of source rock tends to yield a 
distinctive suite of minerals which therefore constitute a guide to the character of that 
rock. But the composition of a sediments is not determined solely by the nature of the 
source rocks, it is also a fiinction of the climate and relief within the distributive 
province which determines the maturity of the residues derived from such a province. 
The source composition is reflected in the types of detrital grains. Plutonic (common) 
quartz is the dominant mineral constituent in both Ganga and Yamuna river 
sediments. It is mainly derived from granitic batholiths or granitic gneisses. The 
recrystallized metamorphic quartz indicates an origin from metaquartzite, highly 
metamorphosed granite and gneissic rocks. The stretched metamorphic quartz was 
probably derived from granite, schist. Mica present in the studied sediments derived 
probably from granite, pegmatite or schist. Heavy mineral species of the Ganga and 
Yamuna river sediments suggest that they are derived from the mixed assemblages of 
acid and basic igneous rocks and low to high grade metamorphic rock The plots of the 
Ganga and Yamuna river sediments on Qt-F-L and Qm-F-Lt diagrams suggest that the 
detritus were derived from medium-to-high grade metamorphosed supracrustal 
forming recycled orogen provenance and granite- gneisses exhumed in the craton 
interior. The low percentage of total feldspar and relatively moderate abundance of 
the metasedimentary lithic fragment also support this interpretation. 
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• Ganga Sediments H Yamuna Sediments 
Figure 21: Qt-F-L plot of Ganga and Yamuna river sediments, according to Dickinson (1985). 
Ill 
*^y^ c\S 
Ganga Sediments Yamuna Sediments 
Figure 22. Qm-F-Lt plot of Ganga and Yamuna river sediments, 
according to Dickinson (1985). 
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Figure 23. Qp-Lv-Ls plot of Ganga and Yamuna river sediments, 
according to Dickinson (1985). 
113 
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Figure 24 : Qm-P-K plot of Ganga and Yamuna river sediments, 
according to Dickinson (1985) 
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Nevertheless, such provenance determination has to be considered with 
caution, because of the changes in the original composition that may be caused by 
diagenesis, leading to modification in the Qt- F- L plot. The Himalayan orogenic belt 
was tectonically active when these quartose sediments were being eroded, transported 
and deposited. In general, sediment composition implies that Himalayan orogenic belt 
was the main provenance of the Ganga and Yamuna river sediments. In Qm-P-K plot, 
the data lie in the continental-block provenance reflecting maturity of the sediments 
and stability of source area . This may stemmed from very long period of tectonic 
quiescence and mature geomorphology of the area. The sediments were deposited in 
intracratonic rift basin conditions as evidenced from Qp-Lv-Ls diagram .The 
composition and maturity of sands is primarily controlled by the source rocks and 
tectonics but secondary processes such as climate and weathering and depositional 
reworking and abrasion acting solely or in combinations, tend to destroy the labile 
constituents and produce quartz rich sand. Intense weathering under warm and humid 
climates and long residence time in soils may destroy feldspars and other labile 
constituents resulting in high degree of compositional maturity of sediments. The 
sediments have considerably high percentage of monocrystalline quartz as compared 
to polycrystalline quartz, which indicates removal of polycrystalline quartz by 
weathering and recycling. Abundance of feldspar also serves as a guide to determine 
the maturity index, since much of the feldspar is destroyed by weathering where relief 
is low and rainfall high. Low percentage of the felspar and absence of volcanic lithic 
fragments indicate that a magmatic arc was not the important source area for the 
Ganga and Yamuna river sediments. 
Indo-Gangetic plain, is an active peripheral foreland basin (Dickinson, 1974), 
formed in response to the uplift of Himalayas after the collision between Indian and 
Asian Plates (Dewey and Bird, 1970). The Ganga plain foreland basin shows all 
major components of a foreland basin system (DeCelles and Giles, 1996), viz an 
orogen (the Himalaya ), deformed foreland basin deposits adjacent to the orogen 
(Siwalik hills ), a depositional basin (Ganga plain) and peripheral cratonic buldge 
(Bundelkhand plateau) (Singh, 1996). In the eariy phase of Himalayan foreland basin 
(Early Miocene ), the basin had small dimensions, with comparatively minor 
subsidence (Frence - Lanord et al., 1983). The foreland basin was more completely 
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established in the Middle Miocene, after considerable lithosphere flexure and 
subsidence of the basin. During Middle Miocene to Middle Pleistocene (deposition of 
lower to upper Siwalik Group), the northern part of the Ganga plain was uplifted and 
thrusted basinwards and Ganga basin shifted southward (cratonward) in response to 
the thrust loading in orogen (Singh, 1996). 
A characteristic of source terrains along the suture zones is a large 
compositional range of the rocks. However, in the entire suture zone, sandstones in 
general are more feldspathic than those of deposited in other area (Cox and Lowe, 
1995). Where most of foreland basin sandstones are fairly uniform in composition 
(Dickinson, 1985), reflecting dominance of source rocks that are uplifted and eroded 
fi-om the thrust sheet and deposited in foreland basin. The compositional variations of 
the Ganga and Yamuna river sediments reflects the existence of a source terrain 
similar to suture zones of Apennines and Pyrenees. Similar tj^es of suture zones are 
common in Himalaya and Aravalli fold belts. From the above discussion, the 
provenance for the Ganga and the Yamuna river sediments is believed to be western, 
central Himalaya and Siwalik hills, which comprise granites, gneisses, schists and 
metamorphosed limestone fi-om the horizon of Cambrian and Upper Precambrian age. 
However, Yamuna river contributed sediments firom Himalaya as well as fi-om 
Aravalli hills, Bundelkhand terrain path and fi-om Vindhyan Supergroup. Since it 
traverses all these terrain. 
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CHAPTER - VI 
GEOCHEMISTRY 
INTRODUCTION 
The geochemistry of the river sediments has been receiving much attention of 
geoscientists as it reflects the source, natural processes and human activities in the 
watershed, and the synthesis of major and trace element distribution in these 
sediments contribute to a better understanding of these processes (Zhang et al; 2001). 
Geochemical studies of clastic sediments are found quite useful in identifying source 
rock(s) and its weathering, climatic variability, tectonic instability and transportation 
of terrestrial detritus in the basin. The chemical composition of clastic sediments 
preserves records of geological processes. Therefore, the geochemical analyses of the 
clastic sediments are used for understanding the evolution of continental crust 
through geological time (McLennan and Taylor, 1991; Crook, 1974; Schwab, 1975; 
Dickinson and Suczek,1979; Bhatia, 1983). Abundance of trace elements, in 
particular those of Y, Sc, Th, Hf, Co, Cr and REE and their ratios are useful indicator 
of geological processes and controls on the formation of sedimentary rocks as they are 
true proxies of the geological past including provenance and tectonic setting (Cullers 
et al; 1979, 1987; Cullers, 1988; Bhatia and Taylor ,1981; Taylor and 
McLennan, 1985; Bhatia and Crook, 1986; Cullers and Stone, 1991; McLennan et 
al.,1983). An important discovery to date is that the REE pattern of post Archean and 
Archean sedimentary rocks are significantly different. The former is characterized by 
a significant negative Eu anomaly and the later has commonly less fractionated 
pattern with none or small negative Eu anomaly (Nance and Taylor, 1977; Naqvi and 
Hussian, 1982). These studies have clearly indicated that the composition of the 
exposed Archean crust was more mafic (less enriched in incompatible elements, low 
Eu anomalies) in nature with little felsic component. 
Sampling 
Systematic sampling of sediments from various locations was done along 
number of traverses across Ganga and Yamuna River plain in ~ 80 km wide tract 
between Anoopshar to Kacchla along Ganga river and from Palwal to Mathura along 
Yamuna river. It was tried to collect the samples in such a way that they reflect 
secular and lateral variations. The main sediment sample collection sites have been 
river bed, natural levees and flood plains. To account for vertical variations top, 
middle and lower horizons of sediment strata were sampled depending upon 
thickness of the deposits, textural and structural variability etc. The soil samples were 
collected from a depth range 1 to 2 m, to avoid, humus, pesticide, fertilizer and water 
saturation effects. Sample collection site and their locations are listed in Table 9. 
Table 9. Locations of analyzed samples collected from Anoopshahr to Kacchla 
stretch of Ganaga river plain and Palwal to Mathura stretch of Yamuna river. 
Location 
No. 
Location 
Name Latitude-Longitude 
Sample No 
Top Middle Bottom 
Ganga Plain 
1 
2 
3 
4 
Anoopshahr 
Narora 
Rajghat 
Kacchla 
Lat. 28^36''- Long.78"26'' 
Lat. 28^^ 20'- Long. 78''38' 
Lat. 28*^13'-Long.78°45^ 
Lat. 27*^ 96^ - Long. 78°89^ 
A1,A3 
Nl 
-
K6 
A5,A8 
N3,N5 
R4 
KB 
A2 
N6 
R5,R6 
K7 
Yamuna Plain 
5 
6 
7 
8 
Palwal 
Mahavan 
Shergarh 
Virindavan 
Lat. 28° 9'- Long. 77" 20^  
Lat. 27''43'- Long. 77''71^ 
Lat. 27°80'- Long. 77°60' 
Lat. 27°43'-Long. 77<'7l' 
P23,P25 
-
Sg2 
V4 
-
-
-
-
P33 
Ml 
Sg4,Sg5 
V3,V8 
Sample Screening 
Prior to geochemical analysis, detailed petrographic studies were carried out 
from thin sections to determine the suitability of samples for geochemical study. After 
careful thin section examination, altogether twenty five representative samples have 
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been selected for geochemical analysis. Amongst sediment samples, fifteen are from 
Ganga tract and nine samples belong to the Yamuna tract. 
Analytical Technique 
The samples were powdered to -200 mesh using the TEMA swing mill for 
maintaining the homogeneity and representative ness of the sample. The major 
elements of such selected samples were analyzed by XRF system (AXIOS model of 
PAN analytical, Netherlands) at National Institute of Oceanography (N.I.O.), Goa. 
The powders of the samples were heated overnight in the oven at 110 C. These 
samples were stored in desiccators till they were mixed with the flux. The flux used 
for making the bead is the A1000 of MERCK. Composition of A1000 flux is Lithium 
Tetra Borate with 0.07% of lithium bromide. Flux to sample ratio is 1:10(1 sample to 
10 flux). The sample and flux was mixed thoroughly and then put in the platinum 
crucible and was melted in two stages with temperature going to ~1180 C. The red 
hot melt was poured in the platinum casting dish to make a bead. This bead was then 
analyzed. The XRF has been calibrated with about 20 international standards procured 
from the USGS, Geological Survey of Japan and CNRS, France and China. 
The concentrations of trace elements including rare earth elements were 
determined by an Inductively Coupled Plasma Mass Spectrometer at Geochemistry 
laboratory. National Geophysical Research Institute (N.G.R.I.), Hyderabad. ICP-Mass 
Spectrometer, Model ELAN DRC II (Perkin-Elmer Sciex Instrument, US) was used. 
The instrument is equipped with the state-of-the-art features such as Dynamic 
Reaction Cell (DRC) and other technical advancements leading to extremely low 
background, better sensitivity and precision. The detection limit for most of the 
elements is in pg/ml (ppt) and fg/ml (ppq) level. The system was optimized for 
maximum intensity (-40,000 counts/sec) across the mass range I mg/ml solution of 
Mg, Ba, Ce, Pb and U. O.I gm of sample was taken in a Teflon beaker to which 7 ml. 
of HF (48%), 3ml of Cone. HNO3 and 1ml of perchloric acid were added. This 
mixture was digested by keeping the beaker over hot plate. After confirming complete 
digestion, 10 ml of HNO3 of 1:1 concentration was added and was kept on hot plate 
till a clear solution was obtained. When the solution cooled down, volume was made 
to 100 ml. with double distilled water after adding 10 ml of I ppm Rhodium solution 
as an internal standard (Balaram et al., 1996). 
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Some of the standards have been analyzed along with samples to monitor the 
quality of the data. The accuracy as determined from the standards is better than 8% 
RSD for major elements and 5%RSD for trace element. Similarly the precision for 
major elements is better than 5%RSD and for trace elements it is better than 1%RSD 
in general. 
Ganga River 
Major elements 
Major elements are used to classify the rock type, determination of 
paleoweathering, paleoclimate and source rock composition. All the data of major 
elements concentration in Ganga sediments and their ratios are presented in Table 10. 
Si02 content in bottom layer of sediments (BLS) and top layer of sediments 
(TLS) show small range of variation (64.814 to 80.842, avg. 72.32) and (76.597 to 
81.553, avg. 64.9) respectively while it shows large range of variation in middle layer 
sediments (MLS) (64.9 to 77.149, avg.72.71). In all the samples, SiOi is strongly to 
moderately negatively correlated with other oxides (Table 11 a, c) except Na20 in 
MLS wherein it shows strong positive correlation with NaiO (Table 11 b). This 
variable degree of correlation for Si02 with other major oxides reflects a decrease in 
unstable components (e.g. feldspar and labile rock fragments) with an increasing 
mineralogical maturity. AI2O3 behaves more or less in similar manner to that of Si02. 
Highest variation in the AI2O3 content is observed in MLS (7.862 to 11.125 wt%, avg. 
9.70 wt%) and BLS (7.78 to 12.539 wt%, avg. 10.19 wt%). There is small variation in 
AI2O3 concentration in TLS. In all the samples, AI2O3 content is moderately to 
strongly correlated with other major oxides (Table 1 la, b, c , Figure 25) except Na20 
in MLS only wherein it shows negative correlation with Na20. The good to strong 
positive correlation between AI2O3 and other oxides excluding Si02 in these 
sediments indicates clay mineral control on the major element composition of the 
Ganga sediments. Relationship of Na20 with Si02 or AI2O3 contents in MLS indicates 
absence or small amount of Na feldspar bearing component in the source terrain. 
120 
_2 
I . 
o 
h 
7) 
Z 
03 
JS 
vs 
a. 
o 
o 
s 
u 
u 
C4 
U o 
z 
.a 
u 
x: 
a 
o 
o 
s 
< 
u 
o 
u 
Z 
u 
J3 
cs 
a 
o 
o 
s 
z 
OS 
o: 
90 
1« 
z 
z 
s 
90 
<< 
w 
< 
^ 
^ 
Z 
1-H 
0 
H 
H O 
a 
a 
o 
a 
I-' 
00 
d 
00 
in 
o 
oo 
GO 
so 
oo 
sD 
od 
iri 
oc 
00 
o 
3c 
oc 
od 
0^ 
00 
oo 
od 
oo 
in 
CN 
sO 
d 
OO 
(N 
m 
od 
p 
oo 
d 
r^ 
O 
NO 
o 
NO 
O N 
CNJ 
o 
NO 
o 
o 
rn 
O 
ON 
IT) 
O 
ON 
O 
NO 
o 
NO 
d 
d 
d 
d 
d 
d 
5 
00 
oc 
oo 
rr 
CN 
NO 
ON 
oo 
NO 
ON 
in 
oc 
q 
u. 
CN 
NO 
OO 
t 
o 
d 
ON 
(N 
O 
d 
NO 
o 
d 
o 
d 
00 
o 
d 
o 
d 
04 
O 
d 
00 
o 
d 
NO 
o 
d 
p 
00 
CN) 
o 
d 
O 
d 
O 
s 
m 
O; 
p 
oo 
d 
r-
iri 
o 
p 
oo 
m 
fN 
oo 
sO 
«n 
d 
p 
O 
oc 
in 
Ol 
[^  
ri 
NO 
•>* 
CN) 
oo 
CNl 
rNl 
(N 
oo 
ON 
tN 
NO 
O 
oo 
rJ 
fN) 
ON. 
oo 
NO 
ON. 
NO 
NC 
CO 
(N 
NC 
O 
0) 
(N 
O 
V) 
ON 
CN) 
ON 
NO 
o 
1; 
in 
-o 
oc 
-o 
q 
z 
oc 
ON. 
NO 
o 
(N 
p 
(N 
o-
o 
oq 
ON 
04 
o-
oq 
ON 
ri 
NO 
ON 
ON 
a-p 
in 
0-. 
NO 
o 
(N 
ON 
c 
NC 
(N 
d 
r*-) 
oc 
d 
»n 
r-
o 
d 
d 
ON 
ON 
o 
d 
oc 
o 
d 
(N 
d 
d 
»n 
d 
NC 
CN 
d 
•n 
d 
3 
O 
d 
r-
o 
d 
q 
in 
<N 
vO 
o 
O 
in 
oo 
o 
sD 
3 
^5 
>/". 
p 
oc 
o 
oo 
o 
oo 
<N 
ri 
o 
(N 
fN 
q 
« 
z 
o 
in 
ol 
m 
(N 
d 
CN 
d 
CN 
CN 
d 
CN 
d 
CN 
d 
in 
CN 
d 
in 
CN 
d 
m 
(N 
d 
C^ l 
CN 
d 
on 
c^ l 
d 
d 
CN 
d 
q 
< 
o 
>n 
oc 
oc 
«n 
od 
oc 
a-' 
CN 
SO 
'I-
in 
od 
d 
d 
q 
d 
ri 
l/~; 
»n 
r;;; 
"n 
(N 
OO 
O 
00 
(7-
^ 
p 
o 
q 
OC 
ri 
I/", 
rJ 
in 
I/-. 
in 
o 
»n 
in 
«n 
»n 
in 
oo 
od 
in 
»n 
in 
oc p 
CN 
in 
< 
ri 
fN 
f^ i 
in 
in 
CN 
oc 
in 
in 
»n 
in 
in 
oo 
in 
in 
in 
o 
sD 
od 
in 
.^ 
in 
in 
(N 
m. 
< 
a! 
(N 
a*' 
IT) 
in 
00 
od 
ON" 
00 
o-
IT) 
^ 
G 
o 
o 
o 
00 
o 
so 
oq 
oo 
O 
a-" 
p 
(N 
oo 
p 
(N 
O 
SO 
oo 
a-' 
<N 
rn 
oo 
-sO 
o 
> 
sO 
oo 
oo 
in 
OO 
OO 
o 
oq 
oo 
o 
r-
r*-i 
O 
oo 
»n 
oo 
m 
oo 
oo 
od 
oq 
O 
o 
oo 
o 
oo 
'I-
oo 
SO 
SO 
in 
sO 
<3 
OO 
SO 
00 
Os_ 
o 
o 
Os' 
sO 
o 
CN 
SO 
(N 
(N 
•n 
O 
OS 
o-' 
o U 
oo 
O 
CN 
sO 
in 
oo 
o 
00 
o 
so 
oo 
oo 
1 
r-
ro 
(N 
sO 
o-' 
in 
oo 
CN 
oo 
m 
oo 
in 
oo 
CN 
r-
(N 
in 
oo 
(N 
Z 
in 
o^  
OC 
in 
in 
o 
OS 
o 
-^  
sd 
o 
OS 
r^ 
CN 
sO 
o-
od 
OS 
»n 
SO 
>n 
sO 
CN 
OS 
sO 
od 
oo 
in 
in 
in 
•sd 
OS 
CN 
oo 
O 
«n 
00 
sO 
r-
'^  
CN 
o^  
o 
o 
m 
oo 
CN 
sd 
in 
r-
c^ i 
so 
3 U 
DC 
OC 
CN 
in 
in 
in 
oo 
sD 
in 
sO 
m 
CN 
sd 
OC 
tn 
sO 
OO 
in 
sd 
(N 
OS 
in 
rn 
od 
CN 
in 
o p 
(N 
in 
o 
p 
od 
OS 
O' 
o 
OC 
o^ ' 
oq 
OC 
SO 
00 
m 
oq 
o 
CN 
»n 
• ^ 
o 
CN 
CN 
N 
OC 
in 
(N 
sC 
o; 
sO 
CN 
-^  
sd 
in 
in 
CN 
<N 
m 
O 
od 
in 
oo 
sO 
o 
oo 
OS 
sO 
sd 
3 
OS 
p 
o^  
o 
o^  
p 
OS 
m , 
sO 
m 
OO 
>o 
in 
o-
Nd 
in 
CN 
ri 
ON_ 
in 
sO 
CN 
OO 
OS 
o 
CN 
oo 
sO 
OO 
o 
od 
O 
sD 
CN 
CN 
in 
as_ 
oo 
»n 
r-
o 
CN 
oq 
od 
oo 
£1 
OC 
r-i 
OC 
sC 
sC 
sd 
ri 
I/", 
ri 
C^l 
0-' 
od 
oo 
o* 
m 
od 
CN 
sO 
r-
CN 
<n 
o 
o^ ' 
CN 
r-
in 
o* 
CN 
sd 
o 
»n 
d 
in 
CN 
r-
sO 
OC 
sd 
C^ l 
sO 
<n 
OC 
o 
Os' 
sO 
L. 
'•n 
OC 
OC 
CN 
CN 
»n 
p 
od 
CN 
CN 
CN 
OC 
sC 
in 
r-" 
oo 
in 
CN 
in 
OC 
CN 
OC 
p 
O* 
in 
c*-i 
•n 
(N 
o; 
od 
> 
OC 
•o 
in 
od 
in 
oo 
oq 
-^  
oo 
o 
OS 
o 
d 
in 
o 
oo 
in 
in 
»n 
p 
oo 
sd 
sO 
d 
m 
d 
sO 
od 
OC 
m 
^ 
d 
sO 
in 
sp 
in 
CN 
»n 
od 
CN 
in 
in 
r-
OS 
in 
sO 
o 
so 
d 
fs| 
p 
OC 
od 
XT-
in 
OS 
in 
-
in 
in 
CN 
sO 
OC 
d 
CN 
OO 
d 
OS 
«n 
»n 
oc 
d 
OC 
»n 
p 
sC 
in 
sO 
m 
sO 
m 
in 
OS 
0-' 
in 
d^ 
OO 
m 
«n 
sO 
OS 
•^. 
od 
OS 
CN 
OS 
• ^ 
od 
in 
o 
CN 
od 
sO 
r-
sO 
d 
oo 
r-(N 
od 
sO 
sO 
OO 
sd 
00 
sd 
m 
rt 
in 
V9 
ri 
c-^i 
OS 
d 
o^  
o 
oo 
in 
c\ 
o 
NO 
CN 
_^ 
in 
OS 
O 
sd 
sO 
CN 
CN 
in 
in 
oo d 
CN 
OO 
OS 
r-
oo 
oq 
OS 
O 
oo 
sO 
sO 
rs 
in 
OS 
sO 
in 
in 
OS 
so 
o 
d 
CN 
r-
ri 
sd 
CN 
d 
»n 
CQ 
OC 
OC 
m. 
vd 
r] 
OC 
sd 
OC 
sC 
r-
o 
CN 
o 
in 
in 
o 
in 
CN 
in 
c-^i 
so 
»n 
in 
sO 
sO 
sO 
sd 
m 
5 
in 
OC 
in 
OC 
00 
CN 
in 
r^ 
in 
sd 
CN 
in 
sO 
CN 
CN 
ir, 
in 
CN 
in 
sC 
(^  
m, 
in 
sD 
r^ 
(N 
^O 
in 
OS 
o 
in 
tn 
od 
sO 
o 
os' 
CN 
p 
OS 
CN 
OO 
CN 
• ^ ' 
OS 
OS 
sO 
in 
in 
00 
ri 
in 
(N 
in 
(N 
<N 
in 
oo 
OC 
o 
in 
O; 
sC 
in 
m, 
OC 
in 
sC 
p 
CN 
sO 
CN 
in 
o 
o 
o-' 
OC 
sp 
O 
sC 
OC 
oo 
oo 
so 
r-' 
o^ 
0-' 
in 
CN 
CN 
o^  
in 
sO 
o 
in 
rj 
OC 
CN 
OC 
in 
in 
in 
vd 
oo 
in 
r-
CN 
NO 
sO 
in 
r-
in 
d 
CN 
m 
CN 
in 
^0 
d 
sC 
sO 
CN 
od 
sC 
in 
(^  
CN 
sC 
o>' 
•3 
Z 
in 
O 
OC 
o 
m 
oo 
O 
0^ 
a-' 
OC 
OC 
in 
OO 
OC 
oo 
"n 
C/5 
OC 
sO 
<> 
p 
OC 
i 
«n 
»n 
oo 
o 
in 
oo 
o 
3 
OC 
OC 
OC 
O 
p 
OC 
a* 
o 
o 
ri 
ri 
p 
o 
OC 
^ 
^ 
OO 
OO 
o 
•n 
o 
o 
"n 
OC 
o 
OC 
OC 
OC 
o 
«n 
OO 
o 
o 
»n 
o 
>n 
o 
OC 
OC 
»n 
O 
OO 
oo 
in 
in 
to 
oo 
in 
tn 
OC 
fN 
ri 
o 
.^ 
ri 
ri 
OC 
r-
ri 
»n 
«n 
p 
OC 
O 
in 
O 
m 
d 
p 
d 
in 
OC 
o 
d 
ri 
d 
o 
X 
OC 
ri 
in 
OC 
ri 
ri 
ri 
n 
OO 
ri 
oo 
ri 
ri 
OC 
OC 
OC 
rj 
OC 
n 
d 
>n 
d 
r-
d 
d 
ri 
d 
n 
d 
»n 
d 
rj 
d 
<n 
r— 
rj d 
in 
OC 
'^  
rj 
d 
ri 
in 
in 
ri 
in 
ri 
oo 
n 
ri 
in 
f^ 
m 
o 
p 
ri 
sC 
OC 
in 
in 
»n 
oq 
OC 
in 
> 
OC 
r) 
n 
d 
d 
oo 
rj 
d 
d 
"n 
rj 
d 
d 
oo 
n 
d 
o 
n 
d 
n 
rj 
d 
»n 
•n 
d 
in 
rj 
d 
rj 
n 
d 
ri 
d 
3 
m 
OC 
d 
in 
»n 
so 
d 
d 
d 
rj 
d 
»n 
m 
d 
d 
"n 
d 
OC 
o 
in 
ri 
OC 
ri 
r-
o 
rt 
ri 
d 
X 
ri 
ri 
OC 
sC 
in 
O 
O 
n 
m 
»n 
OS 
rj 
r-
in 
ri 
oo 
-^  
tn 
o 
ri 
ri 
OC 
in 
in 
ri 
m, 
in 
OC 
so 
in 
r] 
in 
in 
r^ 
»n 
»n 
-^  
d 
OS 
ri 
OC 
m 
O 
sd 
rj 
r-
ri 
r-
OC 
sp 
in 
oo 
in 
rj 
mi 
OS 
o 
H 
r-
oo 
OS 
in 
ri 
oo 
-^  p 
oo 
rt 
r-
rt 
o 
in 
sO 
so 
so 
sd 
OS 
in 
rj 
o 
Os" 
oo 
rj 
sd 
ri 
OS 
oo 
in 
•sO 
rj 
so 
'^  
n 
oo 
oo' 
oo 
in 
sO 
2 
OC 
in 
OS 
Qs" 
SO 
OC 
<> 
OS 
so 
Qs 
O 
o 
sd 
rj 
OS 
sd 
00 
in 
oq 
od 
sO 
in 
sd 
o 
sC 
rt 
-J 
r-
os 
in 
in 
r; 
ri 
ri 
OS 
OS 
oq 
O 
ri 
sO 
ri 
o 
Os_ 
OS 
in 
sC 
o^ 
ri 
rt 
sO 
OS 
in 
d 
OS 
in 
sO 
d 
ri 
in 
sO 
O^ ' 
n 
oo 
od 
OS 
Os' 
r-
in 
o 
OS 
n 
O' 
o 
sd 
H 
ri 
OC 
d 
n 
d 
OS 
p 
in 
so 
in 
O 
d 
oo 
sO 
r) 
sO 
-
in 
sO 
d 
rt 
in 
sO 
rt 
rj 
rj 
v-i 
OS 
d 
o 
rt 
ri 
p 
ri 
so 
ri 
oo 
OS 
o^  
d 
rj 
sO 
so 
d 
fo 
sC 
^ 
H 
n 
in 
d 
3 d 
in 
so 
d 
in 
d 
OS 
d 
in 
d 
o 
d 
OS 
sO 
d 
oo 
in d 
o 
so 
d 
so 
d 
in 
d 
in 
d 
o 
d 
in 
d 
3 
"3 
n 
sO 
OC 
ri 
sO 
ri 
•^  
in 
oq 
sO 
p 
ri 
ri 
ri 
ri 
rt 
OS 
ri 
rt 
p 
in 
• ^ 
ri 
rj 
p 
n 
OS 
in 
> 
in 
00 
O 
O 
30 
' * • 
oq 
z 
oo' 
oo 
CN 
(N 
(N 
o 
<N 
oc 
d 
> 
OO 
oo 
in 
d 
O 
O 
d 
ri 
^ 
o 
oo 
m 
(N 
in 
p 
«n 
(N 
oo 
d 
1/1 
oo 
r«i 
(N 
o 
(N 
<N 
CM 
CN 
CN 
oc 
o 
O 
CN 
ON 
d 
CN 
o 
CN 
OO 
o 
OO 
d 
CN 
O 
00 
iri 
IT) 
d 
o 
K 
oo 
d 
X 
rn 
O 
r-
CN 
o o 
CN 
o 
CN 
(N 
-^  
CN 
in 
CN 
CN 
iTj 
in 
oo 
in 
a-' 
X 
> 
Z 
> 
aa 
3 
£ 
ai 
z 
e 
O 
> 
d 
Ou 
o 
q 
Z 
o 
o 
o 
c 
q 
u. 
d 
d 
d 
^ 
! 
1 
s 
? 
1 
! 
s 
s 
1 
! 
1 
s 
1 
s 
= 
s 
5 
s 
i 
! • 
s 
i 
s 
9 
1 
5 
i 
s 
S 
i 
= 
S 
5 
S 
s 
s 
S 
s 
1 
9 
1 
! • 
p 
c 
s 
i 
s 
S 
S 
3 
1 
s 
! 
s 
= 
3 
s 
3 
1 
g 
= 
q 
a. 
B 
1 
s 
? 
s 
9 
1 
9 
= 
; 
= • 
s 
! 
i 
i 
5 
3 
1 
s 
s 
5 
^\ 
! 
i 
9 
1 
3 
s 
d 
1 
Si 
3 
3 
i 
1 
> 
! 
3 
1 
9 
S 
5 
1 
s 
5 
1 
s 
u 
! 
3 
S 
s 
s 
i 
i 
i 
s 
= • 
i 
d 
3 
3 
s 
d 
9 
a 
I 
i 
1 
1 
s 
i 
? 
3 
3 
% 
5 
i 
5 
5 
i 
d 
z 
\ 
! 
s 
i 
i 
5 
s 
3 
3 
3 
3 
3 
3 
1 
3 
3 
S 
S 
S 
! 
i 
3 
3 
1 
3 
5 
9 
1 
d 
S 
d 
S 
d 
d 
5 
d 
d 
i 
9 
^ 
I 
3 
? 
s 
3 
5 
s 
5 
3 
s 
3 
3 
1 
£: 
3 
i 
iS 
! • 
1 
9 
S 
s 
5 
3 
1 
9 
s 
s 
3 
^ 
= 
3 
1 
i 
? 
a 
S 
1 
= 
1 
i 
s 
s 
? 
s 
i 
? 
3 
d 
s 
d 
s 
i 
i 
i 
i 
9 
^ 
! 
I 
1 
i 
§ 
1 
9" 
s 
3 
d 
9 
i 
3 
3 
5 
3 
5 
d 
d 
d 
9 
U 
s 
d 
1 
i 
i 
i 
s 
i 
5 
d 
1 
i 
i 
? 
? 
3 
3 
3 
5 
d 
i 
i 
3 
i 
>> 
5 
9 
5 
1 
d 
9 
5 
3 
3 
3 
? 
? 
1 
? 
1 
3 
? 
d 
rt 
9 
£ 
9 
i 
9 
3 
i 
tij 
= 
3 
I 
3 
t ; 
1 
g 
s 
5-
s 
s 
K 
g 
3^ 
s 
i 
g 
1 
-
s 
! 
g 
5 
I 
5S 
Z 
! 
3 
3 
3 
3 
i 
1 
1 
3 
3 
? 
3 
3 
d 
5 
d 
1 
? 
d 
5 
3 
3 
r 
c 
1 
5 
s 
3 
1 
1 
1 
3 
? 
i 
^ 
= • 
1 
1 
1 
3 
?• 
= • 
S 
1 
1 
5 
3 
3 
5 
= 
3 
i 
^ 
~ 
1 
2 
i. 
s 
d 
3 
i 
¥ 
i 
3 
1 
1 
5 
5 
3 
9 
i 
-
s 
! 
1 
3 
3 
S 
5 
d 
S 
d 
S 
d 
d 
d 
9 
1 
5 
d 
d 
d 
3 
3 
^ 
= • 
S 
§ 
'^  
s 
d 
1 
9 
1 
S 
9 
3 
d 
3 
d 
s 
i 
3 
i 
5 
d 
3 
3 
5 
9 
^ 
> 
a 
Z 
SI 
> • 
s 
a 
3 
a5 
Z 
o 
o 
> 
< 
d 
0^ 
o 
q 
z 
o 
o 
DC 
o 
1 
q 
d 
d 
d ! 
i 
3 
3 
1 
5 
1 
t 
i 
1 
i 
9" 
s 
3 
5 
1 
! 
s 
s 
Si 
s 
1 
! 
S 
3 
S 
i 
S 
5 
? 
5 
? 
5 
1 
! 
= 
i 
i 
S 
o 
i 
1 
1 
s 
! 
5 
5 
3 
s 
3 
S 
3 
q 
0. 
! 
1 
5 
1 
? 
? 
s 
5 
i 
s 
= • 
S 
! 
3 
1 
3 
9" 
i 
3 
9 
1 
5 
s 
9 
^ 
! 
i 
3 
i 
3 
9 
i 
1 
3 
f: 
~ 
3 
1 
> 
1 
i 
5 
1 
f 
3 
1 
5 
2 
9 
? 
1 
? 
2 
u 
! 
3 
1 
1 
1 
1 
S 
% 
3 
S 
1 
1 
S 
? 
a 
5 
i 
i 
3 
3 
1 
3 
9 
3 
2 
9 
3 
3 
9 
1 
3 
5 
2 
! 
3 
3 
1 
S 
1 
1 
? 
3 
1 
1 
3 
? 
t 
3 
1 
£ 
! 
1 
s 
3 
; 
=" 
3 
5 
i 
3 
2 
= 
1 
r 
5 
5 
S 
3 
% 
=^  
! 
1 
3 
s 
pi 
3 
3 
1 
3 
3 
9 
i 
5 
3 
5 d 
3 
5 
P 
i 
1 
1 
i 
3 
1 
9 
3 
1 
1 
2 
3 
11 
9' 
3 
! 
3 
3 
d 
1 
3 
1 
3 
d 
1 
3 
3 
i 
i 
9 
5 
= 
3 
5 
3 
d 
3 
9 
i 
i 
S 
i 
9 
3 
1 
5 
d 
3 
1 
1 
i 
= • 
? 
3 
3 
9 
3 
? 
d 
i 
3 
1 
u 
5 
1 
1 
d 
3 
3 
1 
• 3 
1 
? 
3 
d 
1 
3 
d 
? 
d 
1 
3 
5 
9 
> 
i 
3' 
3 
Pi 
9 
2 
3 
i 
3 
1 
d 
d 
d 
s 
i 
9 
3 
1 
? 
d 
5 
1 
5 
(5 
! 
d 
3 
3 
1 
i 
3 
d 
1 
3 
i 
s 
c 
!1 
9 
!1 
3 
1 
3 
3 
5 
3 
P 
e 
3 
s 
9 
^ 
s 
3 
S 
i 
3 
i 
-
3 
3 
3 
S 
d 
d 
i 
1 
9" 
1 
1 
s 
3 
s 
3 
1 
3 
S 
9 
! 
5 
3 
9 
1 
1 
3 
S 
1 
3 
1 
3 
3 
3 
3 
3 
? 
S 
3 
3 
5 
3 
3 
d 
3 
5 
9 
J 
g 
d 
d 
3 
1 
3 
3 
5 
s 
= 
3 
3 
d 
3 
3 
5 
? 
S 
3 
5 
s 
3 
3 
i 
d 
3 
s 
1 
! 
= • 
1 
1 
? 
iS 
5 
9" 
? 
3 
3 
2 
d 
3 
9 
i 
3 
5 
3 
9 
3 
d 
3 
i 
3 
1 
3 
5 
3 
^ 
.o 
>• 
-J 
Z 
> 
3 
f-
z 
o 
U 
L. 
> 
< 
q 
0 
•2 
q 
a 
Z 
o 
a 
O 
o 
s 
q 
u. 
d 
q 
d ! 
i 
S 
? 
1 
! 
s 
= 
g 
I 
! 
? 
% 
5 
1 
1 
s 
! 
? 
= • 
! 
9" 
1 
i. 
i 
i 
s 
= 
§ 
! 
s 
? 
1 
1 
? 
? 
\ 
S 
3 
! 
? 
s 
! 
p 
o 
3 
= 
1 
3 
i 
i 
i 
9' 
q 
a. 
S 
1 
? 
? 
f 
5 
2 
? 
? 
§ 
s 
! 
i 
i 
5 
s 
= 
i 
5 
s 
= • 
i 
1 
c^ 
I 
I 
? 
i 
5 
5 
1 
J 
d 
3 
5: 
5: 
s 
> 
! 
i 
s 
i 
1 
i 
s 
i 
s 
i 
3 
3 
s 
y 
1 
§ 
1 
3^ 
0 
0^ 
^ 
? 
c 
1 
3 
1 
1 
5 
p 
e 
! 
3 
3 
3 
S 
S 
i 
3 
I 
d 
3 
S 
1 
? 
z 
1 
s 
= • 
! 
i 
i 
5 
0 
3 
5 
3 
? 
= • 
1 
? 
^ 
s 
3 
2 
3 
3 
3 
3 
? 
1 
I 
-
i 
1 
s 
3 
i 
1 
cfe 
5 
1 
i 
i 
s 
5 
i 
% 
3 
3 
s 
= 
3 
d 
d 
? 
P 
! 
3 
1 
?= 
= 
? 
d 
3 
3 
1 
a 
1 
? 
5 
1 
s 
i-
s 
s 
1 
;3 
! 
3 
s 
3 
! 
1 
! 
! 
1 
i 
i 
d 
9 
3 
3 
3 
i 
& 
5 
1 
•c 
s 
s 
§ 
s 
g 
1 
1 
s 
5 
1 
s 
^ 
=: 
s: 
' 
J 
•c 
3 
d 
3 
5 
5 
? 
> • 
! 
3 
1 
i 
5 
3 
i 
5 
d 
i 
d 
1 
5: 
1 
3 
5 
d 
d 
1 
3 
d 
s 
5 
.5 
S 
3 
3 
! 
d 
3 
S 
1 
d 
d 
d 
s 
3 
1 
1 
d 
d 
5.' 
9" 
5 
d 
S 
d 
I 
d 
? 
d 
d 
5 
9 
i 
i 
s 
3 
3 
S 
d 
3 
I 
s 
d 
1 
d 
S 
d 
9 
d 
d 
3 
d 
d 
d 
5 
a 
5 
5 
d 
d 
1 
1 
d 
s 
s 
5 
d 
i 
5 
d 
1 
s 
s 
d 
d 
1 
1 
3 
5 
s 
i 
3 
5 
s 
1 
i 
5 
1 
d 
d 
1 
s 
s 
d 
1 
s 
3 
1 
3 
i 
i 
1 
3 
d 
5 
s 
5 
s 
3 
S 
S 
3 
d 
s 
5 
1 
g 
3 
i 
d 
d 
3 
1 
3 
3 
1 
3 
1 
d 
i 
3 
3 
3 
d 
5 
3 
3 
1 
1 
3 
i 
d 
3 
3 
3 
4 
9 
^ 
lOO 
§ 5 0 
0 
• TLS • MLS A BLS 
« * ^ 
0 10 
A I 2 0 3 
2 0 
(a) 
• TLS B M L S BLS 
6 -. 
5 -
4 -
S3 
J?2 
1 
If 
O I D 
A I 2 0 3 
2 0 
(c) 
4 n 
3 -
« 2 
1 -
C 
• TLS 
• 
' A.I83 2 0 
(e) 
i 
4 n 
2 
0 
C 
• TLS 
# 
> A I 2 0 3 ^ 0 
' 
2 0 
(g) 
« TLS • MLS A BLS 
0 
10 
AI203 
2 0 
(b) 
(d) 
(f) 
• TLS 
0 . 5 
o 
2P.25 
(h) 
Figure 25. AI2O3 versus major oxides covariation diagram of Ganga sediments 
indicating clay minerals control on their concentration. 
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Trace elements 
Trace element concentration in sediments result from the influence of 
provenance, (Rollinson, 1993). Due to remarkably high concentrations of trace 
elements in clay rich sediment, most of geochemical studies and interpretation thereon 
have been adduced from these lithologies ( Andre et al;1986 ; Bhatia and Taylor, 
1981). REE, Th and Sc and to lesser extent Cr and Co are most useful elements 
among the least soluble trace elements. These elements are transported exclusively in 
terrigenous component of the sediments and therefore, reflect the chemistry of their 
source (Rollinson , 1993; McLennan et al; 1980). Data of the concentration of trace 
elements and their ratios of studied Ganga sediments are given in (Table 10) and their 
description in the following paragraph 
Large Lithophile Elements 
Rb, Ba, Sr, Th, U are lithophile elements v^ h^ich are associated with the clay 
minerals, and thus their concentration are attributed to the parent rocks. However, 
their primary abundances may be modified by secondary processes or may be 
reduced by increased SiOa content during to the sediment maturity (quartz dilution 
effect). 
In general BLS show highest range of variation in the concentrations of Rb, 
Sr, Ba, Th and U in comparison to MLS & TLS. Rb content in BLS ranges from 
61.157 to 256.956 ppm (avg. 157.27ppm), Sr content in BLS ranges from 91.828 to 
772.905 ppm (avg.331.80 ppm), Ba content in BLS ranges from 372.273 to 1602.158 
ppm (avg.985.30 ppm), Th and U contents of the BLS range from 8.955 to 25.611 
ppm (avg. 15.78 ppm) and 3.259 to 28.048 ppm ( avg.11.15 ppm) respectively. Rb 
content in TLS and MLS varies from 88.817 to 135.783 ppm ( avg.l 15.29 ppm) and 
84.68 to 173.9 ppm ( avg. 131.71 ppm) respectively. Sr concentration is higher in 
TLS i.e. 214.245 to 726.867 ppm ( avg. 361.45 ppm) than MLS 106.231 to 494.757 
ppm (avg. 225.39 ppm). Th content varies from 9.474 to 25.338 ppm ( avg. 18.60 
ppm) and from 9.272 to 16.103 ppm (avg. 13.48 ppm) in TLS and MLS 
respectively. U abundance behaves similar to Th varying from 7.533 to 24.626 ppm 
(avg.l3.55ppm) in TLS and 2.7 to 16.218 ppm ( avg.7.35 ppm) in MLS. There is a 
good positive correlation between K2O and Rb, Sr, Ba, Th and U in TLS and BLS 
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Fig 26. Bivariant K2O versus Rb, Sr, Ba and Th diagram indicating role of clay 
minerals for their concentration in Ganga sediments. 
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indicating that clay minerals (e.g. illite, muscovite) primarily controlled the 
abundances of these trace elements (McLennan et al., 1983).(Table 1 la & lie, Figure 
26). Strong positive correlation between Ba and Sr in the sediments of all layers 
indicates possible control of feldspar and mica for their abundance. (Table 11a, b, c) 
Transitional Trace elements (TTE) 
The transitional trace elements like Cr, Co, Ni, V and Sc behave similarly 
during magmatic processes and get mutually fractionated. 
TTE abundances in TLS, MLS and BLS in Gangetic plain are highly variable. 
Sc and Ni show limited range of variation in MLS & TLS. Sc varies from 6.6 to 9.70 
ppm (avg.7.70 ppm) in TLS, from 5.856 to 11.765 ppm (avg. 8.49 ppm) in MLS. Ni 
content ranges from 51.838 to 131.728 ppm, (avg.106.56 ppm) in TLS and from 
30.138 to 144.886 ppm (avg. 100.40 ppm) in MLS. 
V content varies from 34.657 to 63.212 ppm (avg. 46.93 ppm) in TLS and 
from 36.79 to 77.145 ppm (avg.54.45 ppm) in MLS. Cr content varies from 136.636 
to 191.839 ppm (avg. 156.33 ppm) in TLS and from 81.74 to 179.403 ppm 
(avg. 145.21 ppm) in MLS. Co ranges from 9.37 to 12.262 ppm (avg. 10.76 ppm) in 
TLS and from 7.686 to 22.171 ppm (avg. 12.96 ppm) in MLS. Contrary to limited 
range of TTE in MLS & BLS, there are large variations in the contents of TTE in 
BLS, e.g. Sc 4.55 to 17.02 ppm (avg. 10.19 ppm), V 25.79 to 119.45 ppm (avg. 68.68 
ppm), Cr 116.33 to 229.46 ppm (avg. 174.86 ppm), Co 4.82 to 25.17 ppm (avg. 15.56 
ppm) and Ni 24.84 to 154.39 ppm (avg. 117.34 ppm). Cr, Co, Ni, Sc and V are plotted 
against A1203 (Figure 27). Ni and Cr in TLS and MLS are poorly correlated with the 
AI2O3 (Table 11a, c,) (Figure. 27) suggesting that they are not associated with the 
phyllosilicate whereas Ni and Cr in BLS show strong positive correlation with AI2O3 
indicating role and control of phyllosilicate which get concentrated during weathering 
processes. Poor correlation of Ni and Cr with AI2O3 in TLS and MLS indicates that 
some other factors presumably anthropogenic source(s) played role in the distribution 
of these elements. Sc, V and Co content of BLS and MLS show good correlation with 
the MgO while TLS show moderately positive correlation with the MgO (Table 
lla,b,c) (Figure 28 a,b,e). The good correlation between Sc and MgO, V and MgO 
and Co and MgO of TLS, MLS and BLS suggest presence of some mafic material in 
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the source area. Ni and Cr content of the BLS are strongly correlated with the MgO 
while Ni and Cr content of TLS and MLS are poorly correlated with the MgO (Table 
11a, b, c) (Figure 28 c, d). Positive correlation of Ni and Cr contents of BLS with 
MgO again indicates some mafic material in the source terrain. 
High Field Strength Elements (HFSE) 
Zr, Hf, Y and Nb are considered to indicate provenance compositions as they 
are immobile to least mobile during sedimentary processes and have low residence 
time in the sea water (Holland, 1978; Sugitani et al., 2006), therefore, their 
abundances along with REE contents show the composition of source rock. These 
elements with small ionic radii and low radius/charge ratio are referred to as high field 
strength elements. They are incompatible during igneous processes and thus tend to 
be enriched in felsic rocks relafive to mafic rocks. 
The concentrations of HFSE of analyzed samples show a relatively narrow 
range of variation. In TLS, their concentration ranges are as Zr = 6.348 to 10.50 ppm ( 
avg. 8.81 ppm), Hf = 0.227 to 0.307 ppm (avg.0.27 ppm), Nb = 3.59 to 8.04 ppm 
(avg. 6.44 ppm ), Y =14.25 to 43.089 ppm (avg. 25.65 ppm) and Ta = 0.346 to 0.757 
ppm (avg. 0.65 ppm). In MLS they are found to vary as Zr = 4.10 to 13.051 ppm 
(avg.10.85 ppm), Hf = 0.139 - 0.408 ppm (avg. 0.33), Nb = 5.327 to 10.606 ppm 
(avg.7.85 ppm), Y = 17.568 to 31.398 ppm (avg. 24.72 ppm) and Ta = 0.432 to 
1.041ppm (avg.0.69 ppm ). Similarly in BLS their range are as Zr = 3.75 to 18.57 
ppm (avg.11.32 ppm), Hf = 0.11 - 0.554 ppm (avg.0.34 ppm), Nb = 3.185 to 17.30 
ppm (avg. 9.78 ppm), Y = 18.083 - 45.339 ppm (avg.3I.79 ppm) and Ta =0.111 to 
1.779 ppm (avg. 0.93 ppm). There is a positive correlafion between Zr and Hf in all 
the sediments (Table 1 la, b, c). A positive relation between Zr-Hf commonly suggests 
their derivation from felsic rocks whereas mafic ultramafic rocks bear non linear 
positive correlation between Zr -Hf. Zr and Nb contents in MLS and BLS show good 
correlation with AI2O3 suggesting that they are hosted by clay minerals (Table 11 b, c) 
while in TLS the Zr and Nb shows good positive correlation with K2O indicating 
significant proportion of K-bearing rocks in the source terrain. 
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Rare Earth Elements 
Rare earth elements in the sedimentary rocks are mostly terrigenous and reveal 
the source rock composition which in turn reflects REE distribution of the exposed 
continental crust (McLennan, 1989). By comparing the concentration of REE of rock 
samples of cogenetic suites, it is possible to constrain the role of the sedimentary 
processes in the geochemical evolution of the rock sample (Coryell et al., 1963). The 
geochemistry of the large river sediments provide insights into the erosional 
processes of the study region on a global scale due to the differential mobility of REE 
taking place in response to denudation (Stallard and Edmond, 1987; Negrel et al., 
1993). Water rock interaction, especially at low temperature, is unlikely to cause 
substantial change in REE distribution in all sediments. Hence the REE's are 
insoluble with extremely low concentrations in dissolved form in river water and are 
mainly transported and deposited as detrital materials in the river basins (Henderson, 
1984; Sholkovitz, 1995). These chemical properties of REEs make them excellent 
natural probes of particle/solution interaction and redox reactions at the earth surfaces. 
BLS are more enriched in X REE =131.49 to 696.11 ppm (avg. 376.80ppm) 
than MLS I REE = 175.99 to 360.159 ppm (avg. 240.54 ppm) and TLS I REE = 
114.03 to 470.50 ppm (avg. 249.56 ppm). Largest variation is observed in ^ LREE 
contents in BLS = 119.16 to 671.52 ppm (avg. 353.76 ppm) than TLS 102.28 to 
437.741 ppm ( avg. 231.17 ppm ) and MLS 160.479 to 337.337 ppm (avg. 223.41 
ppm). XHREE abundances range from 8.44 to 30.25 ppm (avg. 16.82 ppm) in TLS, 
11.82 to 20.80 ppm (avg. 15.63 ppm) in MLS and from 11.43 to 30.59 ppm (avg. 
21.12 ppm) in BLS. LREE enrichment is highest in BLS (LaA'bn =12.50 to 28.47, 
avg. 21.50) followed by MLS (La/Ybn =14.29 to 23.46, avg.19.20) and TLS (LaATjn 
=10.69 to 21.98, avg. 17.76). HREE fractionation magnitude is maximum in BLS 
(GdArbn= 1.92 to 4.11 avg. 3.08), minimum in TLS (GdAT)n = 1.59 to 3.12 avg. 
2.54) and intermediate in MLS (GdA'bn=2.06 to 3.27, avg.2.69). Eu sink is minimum 
in TLS (Eu/Eu*=0.51 to 0.75, avg. 0.64), maximum in BLS (Eu/Eu*=0.49 to 0.65, 
avg. 0.56) and intermediate in MLS (Eu/Eu*=0.53 to 0.70 with an avg. 0.62). Shapes 
of Chondrite normalized REE pattern of all the sediments of Ganga are nearly same 
(Figure 29) despite their variable ^REE content. Basic rocks contain low 
LREE/HREE ratios and no or small negative Eu anomalies whereas silic rocks usually 
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Table 12: Correlation coefficients between REEs with selected trace 
elements and major oxides. 
A1203-REE 
K20-REE 
A1203-LREE 
K20-LREE 
A1203-HREE 
K20-HREE 
Ti02-LREE 
Ti02-HREE 
Zr-LREE 
Zr-HREE 
Y-LREE 
Y-HREE 
Th-LREE 
Th-HREE 
Th-(GdA'b)n 
Th-(La/Sm)n 
Th-(LaA'b)n 
Ti02-(GdA'b)n 
Ti02-(La/Sm)n 
Zr-GdA'bn 
Y-Gd/Ybn 
P2O5-HREE 
P^Os-LREE 
TOP 
0.40 
0.10 
0.40 
0.11 
0.39 
0.00 
0.61 
0.65 
-0.64 
-0.73 
0.97 
0.99 
0.43 
0.59 
-0.80 
0.23 
-0.79 
0.29 
0.38 
0.61 
-0.01 
0.74 
0.69 
Ganga Sediments 
MIDDLE 
0.59 
0.56 
0.58 
0.50 
0.69 
0.65 
0.66 
0.78 
-0.10 
-0.23 
0.89 
0.93 
0.29 
0.62 
0.26 
0.00 
0.39 
0.70 
-0.61 
-0.26 
0.63 
0.98 
0.83 
BOTTOM 
-0.04 
0.02 
-0.05 
-0.12 
0.40 
0.65 
-0.20 
0.42 
0.47 
0.67 
0.61 
0.99 
0.00 
0.57 
0.51 
-0.16 
0.51 
0.09 
-0.30 
0.50 
0.70 
-0.40 
0.32 
Yamuna Sediments 
TOP 
-0.22 
-0.27 
-0.22 
-0.28 
-0.14 
0.02 
-0.04 
0.04 
-0.07 
0.00 
0.99 
1.00 
0.75 
0.80 
0.91 
-0.13 
0.92 
0.25 
0.22 
0.19 
0.98 
0.51 
0.45 
BOTTOM 
0.43 
0.42 
0.39 
0.38 
0.88 
0.86 
0.41 
0.91 
-0.17 
0.60 
0.49 
0.98 
0.15 
0.85 
-0.12 
-0.86 
-0.62 
0.17 
-0.87 
-0.47 
0.20 
0.96 
0.56 
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Figure 29. (GdA'b)n versus trace and major elements of Ganga sediments, 
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contain higher LREE/HREE ratios and large negative Eu anomahes (Cullers et al; 
1983). Relatively large negative Eu anomaly and high LREE/HREE ratio in all the 
Ganga sediment indicate that the original source area was predominantly 
differentiated felsic rocks, similar to granite (McLennan, 1993; Mclennan et al., 1993; 
Taylor and McLennan, 1985, 1995). 
LREE and HREE concentration in either layer samples do not show any 
significant correlation with clay mineral constituents like AI2O3 and K2O which 
suggests that little control of clay minerals on the abundance of REE. Zr have good 
positive correlation with (GdAT))n in BLS indicating possible presence of zircon in 
source area as an accessory mineral while TLS and MLS do not show significant 
correlation of (GdAn3)n with Zr (Table 1 la, b) (Figure 30). Furthermore, there is also 
no particular correlation between (GdAT3)n or (La/Sm)n of either layer samples with 
Th which negates role of monazite in characterizing REEs abundances (Table 12 ) 
(Figure 30). Good positive correlation between Y and (GdAT5)n in MLS and BLS 
suggest that minor proportion of garnet also controlled the concentration of heavy 
REEs of MLS and BLS. (Table 12) (Figure 29). 
Comparison of elemental abundance of the sediments of Ganga plain with 
average Upper Continental Crust (UCC) and Post Archean Australian Shale 
(PAAS) 
Major and trace elements of all sediment samples have been normalized with Average 
Upper Continental Crust (UCC) and PAAS (Post Archean Australian Shale) values 
(Taylor and McLennan, 1985). It is evident from Figure 31a that all the sediments 
show variable depletion in AI2O3, CaO, Na20 and K2O while Si02, Ti02 and MgO 
contents closely matched to UCC values. Similarly Sc, V, Co, Rb, Ba and Y 
concentrations are nearly close to UCC values. On the other hand Cr, Ni, Th and U 
abundances are higher than UCC. On the other hand compared to PAAS, the Ganga 
sediments are depleted in AI2O3, Ti02, MgO, K2O, Sc, V, Co, Zr, Nb and Hf (Figure 
31b). Whereas contents of CaO, Cr, Ni, Sr, Ba, Th and U are variably enriched 
compared to PAAS. Broadly, the Ganga sediments show more or less similar 
enrichment or depletion levels in their average REE contents with respect to UCC and 
PAAS. However, a close scrutiny of the diagram (Figure 32a) indicates that average 
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REE contents of MLS and TLS show depleted values of Ho, Er, Tm, Yb and Lu 
whereas BLS are depleted only in Yb and Lu compared to UCC. Rest of the elements 
is variably enriched. Furthermore, compared to PAAS, BLS is more depleted in Tm, 
Yb and Lu while other two layer samples show depletion of HREE from Tb to Lu 
(Figure 32b). Remaining rare earth elements show enriched concentration. Zr and Hf 
depletions can be explained by the lower concentrations of zircon in source rock. 
Minor depletion in AI2O3, NaaO, K2O and CaO may be due to the dilution effect of 
silica. However, depletion in Ti02, FeO, MgO and Srcould also is due to the 
fi-actionation by fluvial processes leading to preferential removal of fine grained mica 
group of minerals from the suspended load than feldspars in addition to quartz 
dilution effect. 
Inter-layer comparison of REEs of Ganga sediments 
Chondrite normalized REE pattern of Ganga sediments are shown in figure 29. 
All the sediments have similarly fi-actionated, parallel to sub parallel chondrite 
normalized REE patterns. It is evident fi-om the figure 5 that BLS is most enriched in 
(XLREEs = avg. 353.76 ppm, LaAT)n = avg. 21.50) than MLS (ILREEs =avg. 
223.41 ppm, avg. LaA'bn =19.20) and TLS (^LREEs = avg. 231.17 ppm, avg. 
LaAT)n=avg. 17.76) . ZHREE of the TLS (^LREEs =avg. 16.82 ppm, avg. GdAT^n = 
2.54) and MLS (^LREEs = avg. 15.63 ppm, avg. GdAT3n= 2.69) are more 
fi-actionated than BLS (^LREEs =avg. 21.12, avg. GdAT^n = 3.08). 
Yamuna River 
Major elements 
The Si02 concentration is higher in TLS 57.16 to 84.021 wt% (avg. 70.00 wt 
%) than BLS 64.707 to 80.892 wt% (avg. 74.87 wt %). Si02 in all sediment samples 
is strongly to moderately negatively correlated with other major oxides except Na20 
in TLS wherein it shows positive correlation with Na20 (Table 13, 14a, b). AI2O3 
content also shows more or less similar trend like that of Si02. AI2O3 content in TLS 
range from 6.69 tol6.43 wt% (avg. 11.75 wt% ) and in BLS from 6.951 to 13.522 
wt% (avg. 9.49 wt%). In all the sediment samples, AI2O3 is strongly positively 
correlated with the other major oxides (Table 14a, b) (Figure 33) except Na20 in TLS 
wherein it is negatively correlated with the AI2O3. 
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Figure 32. Average Upper Continental Crust (UCC) and Post Arcliean 
Australian Shale (PAAS) normalized average REE of Ganga. 
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The variable degree of correlation for Si02 with other major oxides in Yamuna 
sediments reflects a decrease in unstable components (e.g. feldspar and labile rock 
fragments) with an increasing mineralogical maturity. Furthermore, good to strong 
positive correlation between AI2O3 and other oxides excluding Si02 in these 
sediments indicates clay mineral control. All the data of major, trace and REE 
concentration in Yamuna sediments and their ratios are presented in Table 13. 
Large Ion Lithophile Elements 
Rb concentrations in TLS range from 56.615 to 163.171 ppm (avg. 126.08 
ppm) and in BLS from 60.58 to 173.318 ppm (avg. 97.35 ppm). Maximum variation 
in Sr content is observed in TLS range from 89.033 to 146.359 ppm (avg. 120.86 
ppm) while in BLS Sr varies from 107.61 to 139.7 ppm (avg. 116.46). Ba 
concentration in TLS ranges from 406.60 to 995.489 ppm (avg. 806.96 ppm) and 
from 424.936 to 1076.546 ppm (avg.702.52 ppm) in BLS. Th content is higher in TLS 
(5.57 to 21.569 ppm, avg. 14.77 ppm) and lower in BLS (5.93 to 17.74 ppm, avg. 
11.26 ppm). U values in TLS show narrow range (3.659 to 4.294 ppm, avg. 3.94 ppm) 
while the BLS shows large variation in the range of U content from (2.898 to 7.024 
ppm, avg. 4.47 ppm). There is a strong positive correlation between K2O and Rb, Sr, 
Ba, Th in BLS indicating K-bearing clay minerals primarily controlled the 
abundances of these trace elements (McLennan et al., 1983) (Table 14b) whereas, 
TLS do not show significant correlation between K2O and Rb, Sr, Ba, Th. (Table 
14a) (Figure 34). 
Transitional Trace elements 
Sc shows limited range of variation between 13.89 to 4.799 ppm (avg.10.60 
ppm) in TLS and 4.539 to 14.437 ppm (avg 8.32 ppm) in BLS. Abundance of V, Cr, 
Co and Ni contents are higher in TLS than BLS. In TLS the concentration ranges are 
as V (28.76 to 106.772 ppm, avg.74.86 ppm), Cr (95.17 to 166.77 ppm, avg.124.73), 
Co (5.859 to 21.959 ppm, avg. 16.16 ppm), Ni (23.44 2 tol53.169 ppm, avg.97.40 
ppm). Samples of BLS posses values of TTE content as V (32.304 to 98.161 ppm, avg 
54.68), Cr (64.18 to 145.961 ppm, avg 113.04), Co (7.79 - 18.774 ppm, avg 11.18 
ppm) and Ni (30.507 to 138.627 ppm, avg. 85.54 ppm). All the analyzed TTE of both 
layers are plotted against AI2O3 (Figure 35). Ni ,Cr, V and Co contents show 
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Figure 34. Bivariant K2O versus Rb, Sr, Ba and Th diagram indicating role of 
clay minerals for their concentration in Yamuna sediments. 
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Figure 35. Bivariant AljOj versus transitional element diagram of Yamuna sediments. 
152 
moderate to strong positive correlation with the AI2O3 in BLS but such a correlation is 
absent in TLS . It suggests that phyillosilicates hosted these elements in BLS. 
However, absence of any correlation of TTE with AI2O3 in TLS indicates that 
indicates that some other factors presumably anthropogenic source also took part in 
modifying the primary concentration of these elements. Ni and Cr content of TLS 
shows moderate to strong positive correlation with MgO suggesting presence of some 
mafic material in the source terrain (Figure 36). 
High field strength elements 
All the high field strength elements show enriched abundance in TLS 
compared to BLS (Table 13,14). In the samples of TLS, these elements show their 
concentrations as Zr = 6.08 to 24.858 ppm (avg.I6.25 ppm), Hf = 0.187 - 0.88 ppm 
(avg.0.55 ppm) Y =10.796 to 78.02 ppm (avg. 34.12 ppm), Nb = 3.073 to 11.904 ppm 
(avg. 8.78 ppm) and Ta = 0.223 to 1.285 ppm (avg.0.91ppm). Similarly their 
concentration in BLS are as Zr = 4.683 to 17.673 ppm (avg. 10.88 ppm), Hf = 0.14 -
0.58 ppm (avg.0.30 ppm), Y = 14.124 to 27.49 ppm (avg. 20.61 ppm), Nb = 3.437 to 
12.259 ppm, (avg. 6.49 ppm) and Ta =0.179 to 1.239 ppm (avg.0.50 ppm). Zr, Hf, 
Nb and Ta show good positive correlation with the AI2O3 in both layers of sediments 
suggesting they are hosted in phyllosilicate (Table 14a, b). Y bears good positive 
correlation with the AI2O3 in BLS (Table 14b) suggesting it was in the same mineral 
phase like other HFSEs . However its concentration was modified by the contribution 
fi-om the mineral phase like garnet particularly in P23 where Y is highest in 
concentration i.e. 78.02 with concomitant high contents of HREE, a feature related to 
garnet accumulation (Ludden and Gelians, 1982). The probable source of garnet may 
be gametiferous mica schist which is presently exposed in the catchment region. 
Rare earth elements 
TLS is more enriched in total REE abundance than BLS. Total REE content in 
TLS varies from 85.69 to 1240.70 ppm (avg. 440.43 ppm) and in BLS from 132.23 to 
301.74 ppm (avg. 222.96 ppm). Samples of TLS also show maximum variation in 
^LREE content ranging between 78.03 to 1179.633 ppm (avg. 414.61ppm) whereas 
in BLS ILREE content i.e. fi-om 122.09 to 287.22 ppm (avg. 207.67 ppm). LREE 
enrichment (La/Yb)n shows large range of variation in the Yamuna sediment 
153 
20 
JSO 
0 
( 
• TLS BBLS 
• • 
• • 
) 2.5 
MgO 
5 
200 
SlOO 
( 
• TLS BBLS 
• • 
FH 
' 1^1^ 5 
(a) (b) 
200 
wlOO 
0 
C 
• TLS BBLS 
• 
• 
• 
) 2.5 
MgO 
5 
50 
525 
0 
c 
• TLS BBLS 
* . • • 
• ^ 
> 4^ 5 
(c) (d) 
200 
'£00 
0 
C 
• TLS BBLS 
• 
• 
• 
• • 
' ^ MgO 2 
• 
3 
(e) 
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samples ranging from 12.16 to 29.08, (avg. LaAT5„ = 20.08) in TLS and from 14.02 to 
26.70 ( avg. La/Ybn = 19.86) in BLS. The magnitude of HREE fractionation varies 
narrowly in BLS (GdA'bn= 2.13 - 3.69, avg. 2.80) ,but shows relatively wider range 
of variation in TLS(Gd/Ybn = 1.63 - 4.23, avg. 2.73). The level of negative Eu 
anomaly (Eu/Eu*) is almost identical in both layers (0.66 in TLS and 0.63 in BLS). 
Shapes of Chondrite normalized REE pattern of all the sediments of Yamuna are 
nearly same (Figure 37) despite their variable JREE 
Ccntent. (GdAT))n ratio of samples of both layers are plotted against major 
oxides like P2O5 and TiOa and trace elements including Zr, Th and Y in order to 
explore the role of various mineral phases which accounted the abundances of these 
elements (Taylor and McLeiman, 1985; McLennan et al., 1993) in Figure 38. It is 
evident from figure 38 that (GdAT))n ratio correlates positively with P2O5, Ti02 and 
Th in BLS (Table 14a, b). Whereas The samples of TLS show good positive 
correlation of (GdAT))n with P2O5, Th and Y. These relationships indicate that 
minerals like apatite, titanite, monazite and to certain extent garnet (particularly in 
TLS) controlled the concentration of heavy REE in Yamuna sediments. 
Comparison of Yamuna sediments with average Upper Continental Crust (UCC) 
and PAAS (Post Archean Australian Shale) 
Major and trace element contents of Yamuna sediments are normalized with 
the UCC and PAAS values (Taylor and McLennan, 1985) and are plotted in the form 
of spider diagram (Figure 39a, b). It is evident from Figure 39a, b that Si02, Ti02 and 
MgO contents of all the sediment samples closely match with the UCC while AI2O3, 
CaO, Na20 and K2O are variably depleted than UCC. Similarly Sc, V, Rb, Y, Ba and 
Th are nearly close to the UCC values. Cr, Co, Ni and U are enriched Na20, CaO, 
K2O, Sr, Zr, Nb and Hf are variably depleted when compared to the UCC. 
Furthermore, sediment samples are also normalized with the PAAS (Figure 39 b). 
Figure 39 b shows that Si02, Na20, Cr, Ba and Th are nearly close to the PAAS. 
AI2O3, Ti02, MgO, K2O, Sc, V, Co, Rb, Sr, Zr, Nb and Hf are variably depleted than 
PAAS. CaO, U and Ni content of all the sediments are enriched compared to PAAS. 
Average REE contents of TLS are more enriched (La - Er) and less depleted (Yb - Lu) 
than average REEs of BLS as observed from their UCC and PAAS normalized spider 
diagrams. (Figure. 40 a, b) 
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Interlayer comparison of REEs of Yamuna layer sediments 
Chondrite normalized REE pattern of Yamuna sediments are shown in figure 
37. All the sediments have similarly fractionated, parallel to sub parallel chondrite 
normalized REE patterns. It is evident from this figure that TLS is most enriched in 
(IHREEs = avg. 414.61ppm, avg. La/Yb,, = 20.08) than BLS (ILREEs = avg. 
207.67 ppm , avg. LaA^b^ = 19.86). IHREEs of the BLS (ILREEs =avg. 23.66 ppm, 
avg. GdATjn = 2.73) are more fractionated than TLS (^HREEs =avg. 13.19, avg. 
GdAT)n=2.80) 
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CHAPTER VII 
WEATHERING, PROVENANCE AND 
TECTONIC SETTING 
INTRODUCTION 
Weathering in the source area is one of the most important processes which 
not only affects the composition of sedimentary rocks but also paves ground for the 
genesis of sedimentary rocks by dislodging the mineral grains from the parent rocks 
for erosion and sedimentation processes. Chemical weathering have pronounced 
effect on the composition of silicate rocks, where large cations (Rb, Sr) remain fixed 
in the weathered residue in preference to smaller cations such as Na, Ca, K, which are 
selecdvely leached (Nesbitt et al; 1980). These chemical trends are generally 
transferred to the sedimentary record (Nesbitt and Young, 1982; Wronkiewicz and 
Condie, 1987) and thus provide a useful tool for monitoring source area weathering 
conditions. Weathering intensity and duration in source area can be evaluated by 
examining the relationship between alkali and alkaline earth elements (Nesbitt and 
young. 1982). Ca, Na and K are largely removed from the feldspar during weathering, 
so the abundance of these elements with respect to resistant elements can be used as a 
measure of the extent of chemical weathering. Chemical weathering is an important 
mechanism deriving elemental fractionation signatures from parental bedrock (Nesbitt 
and Young, 1982). The extent of fractionation depends upon bedrock and local 
weathering conditions related to climate. Stronger chemical weathering is generally 
associated with the warm and humid climates, whilst more arid climate is generally 
associated with relatively weak chemical weathering. Relationship between climate 
and the degree of rock weathering have shown that high rainfall corresponds to the 
increase loss of labile mineral and higher CIA values in the resulting sediments (Basu, 
1981; James et al; 1981; Suttner et al; 1981; Dutta and Suttner, 1986; Girty, 1991; 
White and Blum, 1995). Consistent rainfall will continuously flush a weathering 
profile with unsaturated fluids for hydrolysis and removal of the products of ion 
exchange, and volumetrically more parent rock material is subjected to 
decomposition over a given unit time. Atmospheric carbon dioxide and surface 
temperature enhance rate of weathering. Higher temperatures significantly enhance 
the rate of mineral decomposition and the potential for minerals such as plagioclase 
and potassium feldspar to undergo hydrolysis. It is assumed that in the absence of 
plants, the enhancement of temperature and heavy rainfall must have contributed to a 
high degree of weathering. 
The chemical index of alteration (CIA) is a useful tool to evaluate the 
progressive alteration of plagioclase and potassium feldspars to clay minerals which is 
introduced by Nesbitt and Young (1982). The wide applicability of this index lies 
with the fact that feldspar is the dominant mineral in the upper crust (Nesbitt and 
Young, 1984). 
The index is calculated as CIA = [Al2O3*100/Al2O3+CaO+Na2O+K2O]. 
Where oxides are expressed in molar proportions and CaO* is the amount of 
CaO incorporated in the silicic fraction of the rock. CIA values of the sediments are 
used as an indicator of the intensity of weathering in the provenance area (Nesbitt 
and Young, 1982). High values of CIA indicates the removal of labile elements like 
Ca, Na, K relative to the static residual constituent (Ar^) during weathering (Nesbitt 
and Young, 1982) while the low values of CIA indicate near absence of chemical 
weathering and consequently reflects cool or arid condition. CIA values of 
unweathered igneous rocks and fresh feldspar ranges from 40-50, whereas in intensely 
weathered residue rocks it approaches to 100 (Nesbitt and young, 1982). The CIA 
value of PAAS is reported to be 70 - 75 which is considered to represent low to 
moderate degree of weathering. CIA values for the unaltered plagioclase and K-
feldspar are approximately equal to 50 and values of 100 indicates complete 
conversion of feldspars to clay minerals like gibbsite and kaolinite (Fedo et al., 1995). 
The CO2 data is not available for the present samples. However, lower CaO 
abundances in all the sediment samples and absence of carbonate minerals in 
petrographic modes suggest CaO content of the samples is that of silicate fraction. 
CIA values for TLS range from 49.32 to 54.25 (average 51.68), those of MLS 
range from 48.98 to 53.96 (average 51.07) and from 51.50 - 54.16 (average 52.52) in 
BLS. Overall range of CIA is similar or slightly greater than the CIA values of the 
UCC (49). These CIA values of Ganga sediment samples, indicate that the sediments 
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are slightly weathered. The range of CIA values suggest that the sediments have been 
derived from the source rocks that have only undergone physical breakdown without 
any chemical weathering. 
CIA values of the Yamuna sediments ranging from 55.90 to 62.72 ( avg. 
59.05) in TLS and 46.05 to 59.27 (avg. 55.42 ) in BLS show a relatively low degree 
of weathering in source area. Low CIA values with negative Eu anomaly, are the 
properties of Juvenile crustal materials from local sources, suggesting high erosion 
rate, little transportation, poor sorting and rapid deposition of the sediments. CIA 
values of the sediments of Yamuna river are higher than that of Gnaga sediments 
indicating relatively higher weathering conditions in the source area than the domain 
of Ganga sediments. 
AI2O3- (CaO*+Na20-K20) or A-CN-K 
A more simple and useful way to evaluate the chemical weathering trend is A-
CN-K ternary plot, where A = AI2O3, CN = CaO+Na20, K = K2O, in molecular 
proportions and CaO* represents CaO incorporated into silicate minerals (Nesbitt and 
Young, 1984; Nesbitt, 2003). In this plot plagioclase and K-feldspar plot at 50% 
AI2O3 on the left and right boundaries to form the feldspar join. Biotite and K-
feldspar, augite and amphiboles plot near the CN apex and calcite plot at the Ca apex. 
lUite and smectite plot on the diagram at 70 to 85% AI2O3. The clay mineral group 
plots at the A apex. At initial stage of weathering such ACNK plots tend to be parallel 
to the A-CN line because Na20 and CaO are leached out from the earlier dissolved 
plagioclase and those samples which have undergone less weathering will plot 
parallel and close to the A-CN line. Continued weathering leads to the total 
destruction of plagioclase resulting in more removal of CaO and Na20 and the points 
plot more close to A - K boundary. During advanced stage of weathering, K is 
removed in preference to Al from the K-feldspar, as a result the trend is redirected to 
AI2O3 apex. It is attributed to post depositional K- metasomatism modification (Fedo 
et al; 1995). K enrichment involves addition of K2O to aluminous clays, it follows the 
path towards the K2O apex of the triangle. K- metasomatism of sediments can take 
two different paths representing either conversion of aluminous clay minerals 
(Kaolinite) to illite and or conversion of plagioclase to K-feldspar. Both these 
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processes result in the samples being enriched in K2O and therefore, offset from the 
weathering trend. Conversion of the aluminium clay minerals to illite results in CIA 
values lower than the premetasomatised while in second case, where K metasomatism 
involves replacement of plagioclase by K-feldspar, the CIA does not change because 
the process involves mole per mole substitution of K for Ca or Na. 
Estimation of the K-metasomatism can be made by drawing a line from K2O 
through individual data points, the intersection point of this line with the weathering 
paths gives the prematasomatised CIA values which can be directly interpretated by 
scale on the left. The difference between the prematasomatised and the current CIA 
values allows quantitative estimation of K-enrichment in a rock. 
The sediment samples of all layers plot near to that the UCC. The clustering of 
all the Ganga and Yamuna sediments in a narrow field suggests that even Ca and Na 
have not been mobilized. Plots of sediments in general show parallelism to A-CN 
line and appear to originate from the point on the feldspar join where unweathered 
granite and granodiorite fall. (Figure 41a, b). It implies that source area for Ganga 
sediments had undergone low to moderate weathering. This suggests that the effect of 
weathering had not proceeded to the stage of removal of alkali and alkaline earth 
elements from the clay minerals (Taylor and McLennan, 1985). 
For a better estimation of weathering conditions in source area many authors 
have used indices like CIW and PIA (Fedo et al., 1995). Of the major indices 
proposed to monitor chemical weathering CIA (Nesbitt and Young, 1982) and CIW 
(Hamois, 1988), only the CIW index avoids the problems related to the remobilization 
of K during diagenesis or metamorphism. CIW defined as: CIW = 
[Al203/(Al203+CaO*+Na20 )*100] where AI2O3, CaO and Na20 are represented in 
molar proportion. This index does not incorporate potassium because it may be 
leached or it may accumulate in the residue during weathering. CIW index increases 
with the degree of depletion of Na and Ca in the sediment relative to the Al. CIW 
index values for the source rock and sediment reflects the amounts of chemical 
weathering experienced by the weathered material. In comparison to other weathering 
indices it is a superior method involving restricted number of components which have 
simple well known and consistent geochemical behavior during weathering. 
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Figure 41. AI2O3 - ( CaO+Na20) - K2O diagram for Ganga and Yamuna river 
sediments most of the sediments samples plot around UCC and TTG, suggesting a 
low to moderate weathering history for the provenance, Ka,Kaoiinite; Gi, Gibbsite; 
Chi, Chlorite; pi, plagioclase; ksp,k-feldspar. Data of UCC and PAAS (Sun and 
McDonough, 1989); tonalite-trondhjemite-granodiorite (TTG) and granite (Condie, 
1993); Metasediments (Rashid, 2005); leucogranite and metasediments (Ayres and 
Harris, 1997); sillimanite - gneiss and kyaniteschist (Harris et al; 1992); Paleozoic 
granites(Miller et al; 2001) 
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CIW value of TLS ranges from 56.19 - 63.15 (avg. 59.14); for MLS it varies from 
56.04- 63.37 (avg. 58.99) and for BLS it ranges from 59.20 - 63.19 (avg. 60.90) 
respectively. CIW values are higher than CIA values of in the analysed samples, due 
to the exclusion of the K2O from the index. CIW values of Ganga sediments 
indicating low to moderate weathering of source rocks. CIW value of TLS ranges 
from 63.83- 73.85( avg. 68.55); for BLS it varies from 51.65- 69.12 (avg. 63.80) 
respectively indicating low to moderate weathering of source rocks. 
Plagioclase index of alteration [PIA=Al203-K20/Al203+CaO+ Na20-
K2O*100] values are widely used to quantify the degree of source rock weathering of 
ancient sedimentary rocks (Fedo et al., 1995). The maximum PIA value is 100 for 
completely altered material (kaolinite, gibbsite) and unweathered plagioclase has a 
PIA value of 50. PIA value for TLS range from 49.10 -55.94 (avg. 52.29), that of 
MLS ranges from 48.60-55.63 (avg. 58.99) and for BLS it ranges from 52.04 -55.82 
(avg. 53.49) while the PIA value for TLS of Yamuna sediment ranges from 57.85 -
68.21( avg. 62.61), that of BLS ranges from 44.96 - 62.97 (avg. 57.52). PIA values 
of Ganga and Yamuna sediments suggest low to moderate plagioclase weathering in 
source area. This observation is almost consistent with the interpretation adduced 
from CIA and CIW and ACNK diagram (Figure 41a,b) values. 
In AI2O3 versus K2O diagram (Figure 42a, b), all the sediment samples of 
Ganga and Yamuna close to the illite line suggests that the major K2O and AI2O3 
bearing minerals in all sediment samples are illite and probably suggest 
decomposition of K-feldspars and muscovite during weathering under humid climate 
and K remained fixed in clay. K2O/AI2O3 ratios indicate how much of alkali feldspar 
versus plagioclase and clay minerals were present in the original rock. K2O/AI2O3 
ratio of Ganga sediments range from 0.21-0.24 (avg.0.21) in TLS, 0.22-0.25 (avg. 
0.21) in MLS and 0.23-0.25 (avg. 0.21) in BLS while in Yamuna sediments it varies 
from 0.21-0.22 (avg. 0.21) in TLS, and from 0.21-0.22 (avg. 0.21) in BLS. These 
values are typical for illite, because for K-feldspars the value of this ratio is of the 
range (0.40-0.45) (Cox et al; 1995). This indicates that alkali feldspar present in 
source and illite has played a major role in distribution of these elements in these 
sediments. This also indicates that K-feldspar present in source region may have 
altered to illite which forms during weathering of source rocks (Nesbitt et al; 1980). 
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Figure42. AI2O3 versus K2O diagram showing distribution of Ganga and Yamuna 
sediments samples close to illite line (Cox et al; 1995). 
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This result is consistent with the generally low amount of K-feldspar in the studied 
sediment samples. It appears that K-feldspar in original source area of Ganga and 
Yamuna samples was altered to illite, which forms during weathering of granitic 
rocks (Nesbitt et al; 1980) 
The Th/U ratio can also be used to highlight weathering condition (McLennan 
et al., 1993) as the ratio of sedimentary rocks is expected to increase with increase 
weathering (Taylor and McLennan 1985; McLennan and Taylor 1991; McLennan et 
al; 1990, 1995). Highly reduced sedimentary environments can have enriched U 
leading to low Th/U, weathering results oxidation of insoluble U*'* to soluble U^ 
thereby loosing U to solution and increasing Th/U ratio. Th/U ratios above 4 
considered to be related to weathering history (McLennan et al; 1995). Low Th/U 
ratios are rather common in mantle derived volcanic rocks and reflects the 
geochemically depleted nature of such reservoir (Newman et al; 1984) 
Th/U ratio of the present sediments shows large variation. In the Gnaga 
sediments it varies as TLS 0.62 - 3.36 (avg. 1.72), in MLS 0.99 - 3.43 ( avg. 2.32) 
and in BLS (0.91 - 5.02, avg. 2.31) and in Yamuna sediments show wide variation 
range and it varies from 4.39 - 5.36 (avg. 3.81) in TLS and from 1.59 - 4.41 (avg. 
2.80) in BLS. TLS, MLS and BLS of Ganga river and BLS of Yamuna river show 
low values of average Th/U ratio than the UCC 3.80 while the TLS of Yamuna 
shows slightly higher values than the UCC. Low values of Th/U ratio of Ganga river 
sediments and BLS of the Yamuna river sediments could be an indicator of either a 
more primitive source having a lower Th/U ratio or a change in redox conditions as U 
concentration is high during oxygenated conditions (Bauluz et al; 2000). All 
sediment samples are enriched in U concentration when compared with UCC (2.8), 
PAAS (3.1) and NASC (2.7) (Figure 43 a, b). The high concentration of U in Ganga 
and Yamuna sediments is not due to increase of weathering intensity because there is 
not good correlation between Th/U and CIA. Therefore it is possible that Th/U ratios 
of all layers of Ganga and Yamuna is a result of lower redox conditions in sediments, 
which might control the U distribution and the Th/U ratio whereas increasing 
weathering intensity controls the higher U concentration. 
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Figure 43. Plots of Th/U versus Th for the Ganga (a) and Yamuna (b) sediments (after 
McLennan et al; 1993) Values of UCC, PAAS and NASC from Sun and 
McDonough, 1989; granites from condie, 1993. 
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Overall synthesis of geochemical data of the Ganaga and Yamuna river 
sediments as discussed above suggests low to moderate weathering in the source area. 
Heavy rainfall, vegetation cover, relief, high surface temperature and high 
atmospheric PCO2 are the major factors which controls the intensity of weathering. 
Low degree of weathering in the source area of the Ganga and Yamuna sediments 
indicates that the rocks in source area have undergone only physical breakdown 
without any chemical weathering. Low weathering in the source area does not support 
more CO2 enriched atmosphere and unusually high surface temperature in the absence 
of vegetation. Various chemical indices such as CIA, CIW, PIA, Th/U and K2O/AI2O3 
suggest that the source rock of the Ganga and Yamuna sediments, have suffered low 
degree of weathering and extreme weathering conditions were probably negligible in 
the source area. 
Source rock Characteristics 
A broad hint about the source rocks is procured from Qt-F-L and Qm-F-Lt 
ternary plot (Dickinson, 1985). The framework grains are mainly quartz followed by 
rock fragments, feldspar, mica and heavy minerals. Qt-F-L plot (Figure 21) indicates 
the samples of the studied sediments lay in the recycled orogen provenance field 
suggests their derivation from metasedimentary and sedimentary rocks that were 
originally deposited along former passive continental margins. In Qm-F-Lt diagram 
(Figure 22) again majority of the sample occupy the field of recycled orogen field. 
The plots of the Ganga and Yamuna river sediments on Qt-F-L and Qm-F-Lt 
diagrams suggest that the detritus were derived from medium-to-high grade 
metamorphosed supracrustal forming recycled orogen provenance and granite-
gneisses exhumed in the craton interior. 
Chemical composition of sediments may be used to constrain source rock 
composition and major element oxides provide evidence for the source rock 
composifion. It is generally considered that Al and Ti are not fractionated relative to 
each other during weathering and ratios could be similar to that of its source rock 
(Sugisaki et al; 1982, Fralick and Kronberg, 1997). Al203/Ti02 ratio of 21-70 for 
felsic rock is suggested for a Si02 range of 66-76 wt % (Byerly, 1999). The Si02 
content of studied sediments sample of Ganga river ranges form 76.59 - 81.55 
(avg.79.58) in TLS, 64.9-77.14 (avg.72.71) in MLS and from 67.77 - 80.84 
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(avg.72.32) in BLS while SiO: content in Yamuna river sediment ranges from 57.16 -
84.02 (avg.70.00) in TLS and 64.70 - 80.89 (avg.74.87). The Al203/Ti02 ratio ranges 
from 17.66 to 28.89 in TLS, 18.20-23.19 in MLS and 18.69 to 27.95 in BLS 
respectively and in Yamuna sediments it ranges from 16.83- 19.63 in TLS, 17.48 -
21.92 in BLS. The range of SiOi content with corresponding AhOi/TiOj ratio in all 
the sediments of Ganga and Yamuna are in agreement with the range of Si02 and 
Al203/Ti02 for felsic rocks as proposed by Byerly (1999). The Al/Ti ratio despite 
being > 20 in few samples does't go beyond 30. This suggests that considerable Ti 
bearing phase like biotite, chlorite and ilmenite, rutile derived from felsic rocks 
along with low grade metamorphic rocks as well as basic rock have influenced the 
chemistry of these sediments. There is strong negative correlation between AI2O3 and 
Al203/Ti02 and Ti02 and Al203/Ti02 for all sediments of Ganga and Yamuna river 
(Figure 44a,b; 45a,b ). The comparatively lower values of Al203/Ti02 ratios is due to 
higher content of Ti02 as evident from the presence of rutile in the petrographic 
modes. 
Discrimination function analysis has been used extensively to investigate the 
chemical composition and also to discriminate between various tectonic environments 
and sedimentary provenances. Using major oxides ratios as variables, a discriminants 
function diagram has been proposed by Roser and Korsch (1988) to distinguish 
between sediments whose provenance is mafic, intermediate, felsic igneous and 
quartose sedimentary rock. These functions discriminate among four sedimentary 
provenances, PI-mafic (ocean island arc), P2-intermediate (mature island arc), P-
felsic (active condnental margin) and P4- recycled (granitic-gneissic or sedimentary 
source). All sediments of the Ganga and Yamuna sediments plot in P4 field in this 
diagram (Figure 46 a, b), indicating recycled orogenic terrain (granite - gneissic or 
quartose sedimentary provenance source area). This also corroborates with the 
petrographic observation. 
REE, Th, Sc and HFSE and there ratios such as Th/ Sc, La/Sc and La/Th are 
reliable indicator of sediments provenance (Taylor and McLennan , 1985; McLennan 
1989; McLennan and Taylor 1991; McLennan et al; 1995). Th being highly 
incompatible and Sc compafible, their concentrations are transformed quantitatively 
into terrigenous sediments from source to site of deposition (Taylor and McLennan, 
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172 
CM 
C 
.2 
u 
n 
c 
u 
• T L S B M L S BLS 
8 
6 
4 
2 
0 
-2 
-4 
-6 
-8 
-10 
Felsic Igneous 
provenance Intermidiate Igneous 
Provenance 
1 
Quartose Sedimentary 
Provenance 
P4 
I • I I • I + 
Mafic Igneous Provenance 
P I 
I • I • I 
-10 -8 -6 - 4 - 2 0 2 4 6 8 10 
Discriminant Function I 
(a) 
C 
o 
c 
E 
o 
(0 
• TLS HBLS 
8 
6 
4 
2 
0 
-2 
-4 
-6 
-8 
-10 
. \ . no Felsic Igneous 
\ , provenance 
\ ^ 
'Quartose Sedimentaryx / 
Provenance ^ ^ ^ ^ \ . / 
• ^ ^ \ 
- • 
- • 1 • 1 • 1 • 1 • 1 
/ 
Intermidiate Igneous 
/ Provenance 
/ P2 ^ ^ 
P1 
Mafic Igneous Provenance 
• 1 • 1 • 1 • 1 • 1 
-10 -8 - 4 - 2 0 2 4 
Discriminant Function I 
8 10 
(b) 
Figure 46: Discriminant function diagram for Ganga (a) and Yamuna sediments (b) of 
Roser and Korsch, 1988. Fl= (-1.773 Ti02+ 0.607 AI2O3 + O.76 (Fe203)*-1.5 MgO+ 0.616 
CaO + 0.509 NazO -1.224 K2O-9.09) and F2 = (0.445 TiCh + 0.07 AI2O3 -0.25 (Fe203)'-1.142 
MgO + 0.438 CaO + 1.475 NajO -H 1.426 K2O-6.86I). 
173 
1985). Similarly, La gives idea about enrichment of LREE due to differentiation or 
metamorphism. Furthermore, these elements have low solubility in natural waters and 
are generally immobile; consequently they are transferred into clastic sediments. 
Therefore, in the absence of recycling, these ratios are indicative of mafic/ultramafic 
or felsic source components. Studies have shown that even recycling does not greatly 
affect these ratios (Wronkiewicz and Condie, 1987; Gu, 1994). 
Use of bivariant plots like Th/Sc versus La/Sc have been suggested by various 
workers (Taylor and McLennan, 1985; Condie, 1993; Floyd and Leveridge, 1987; Gu 
et al; 2002). Because these elements have proven compatibilities/incompatibilities, to 
various evolving crystalline phases with respect to temperature decrease as well as 
their immunity towards post magmatic alteration and sedimentary processes (Holm, 
1985; Taylor and Mc Lennan 1985; Condie, 1993). Th/Sc versus La/Sc of the 
sediments of Ganga river are plotted in the Figure 47 a, b along with published data 
of possible source end members including tonalite-trondhjemite-granodiorite (TTG), 
pelites (metasediments from LHS) from Rautgara (Rashid, 2005), Paleozoic granite 
(Miller et al; 2001), Proterozoic granite and UCC. In the Th/Sc versus La/Sc 
diagram sediment sample of Ganga and Yamuna river clustering around TTG and 
metasediments of LHS and Paleozoic granites. 
Th/Sc ratio in the conjunction with Zr/Sc ratio has been considered a robust 
indicator of the provenance (McLennan et al., 1990). Th/Sc ratio is an index of 
fractionation of magmatic source rocks. Whereas, Zr/Sc ratio is a useful index of 
zircon enrichment, because Zr is strongly enriched in zircon. Therefore, Zr/Sc ratios 
show the grade of reworking of clastic sediments. Consequently Th/Sc and Zr/Sc 
variation diagram may be employed to constrain sorting and recycling processes 
(McLennan et al; 1993). Th/Sc ratio < 0.8 is an indicator of source other than the 
tj^ical continental crust, probably of mafic source or input from mature or recycled 
source if coupled with higher ratio of Zr/Sc >10. Th/Sc ratio range from 1.49 - 3.65 ( 
avg. 2.41)inTLS, 1.21 to 2.21 (avg. 1.64) in MLS and 1.37 to 1.97 (avg. 1.60)inBLS 
while in Yamuna sediments Th/Sc ratio ranges from 1.16 to 2.05 (avg. 1.39) in TLS 
and 0.88 to 2.05 (avg. 1.40) in BLS. Zr/Sc ratio range from 0.65 to 1.65 (avg. 1.20) in 
TLS, in MLS 0.70 to 1.63 (avg. 1.27 ) and in BLS 0.82 to 1.56 (avg.1.11) while in 
Yamuna sediments Zr/Sc ratio ranges from 1.27 to 1.88 (avg. 1.48) in TLS and 0.99 to 
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Figure 47. Th/Sc-Zr/Sc variation diagram of Ganga (a) and Yamuna 
(b) sediments indicating their crustal source, (after McLennan et ai; 1993) 
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2.02 (avg.1.32) in BLS. It is evident from the Figure 48a, b that all sediment samples 
of Ganga and Yanuna rivers have been derived probably from the upper continental 
material. 
Th/U ratio is also a useful parameter in determining the source characteristics 
of clastic sedimentary rocks (Roddaz et al., 2006). This ratio ranges between 4.25-
4.30 in present day crust, while its values 2.6 and 3.8 have been assigned to upper and 
lower mantle respectively (Cullers et al; 2002). Higher Th/U ratios can also increases 
in response to oxidative weathering and/or removal of U. Nevertheless, clastic 
sedimentary rocks derived from the upper crust are characterized by ratio >4, whereas 
ratio <4 has been related to a mantle contribution (Roddaz et al, 2006). In the Ganga 
sediments Th/U ratio varies as TLS 0.62 - 3.36 ( avg. 1.72), in MLS 0.99 - 3.43 ( 
avg. 2.32) and in BLS 0.91 - 5.01( avg. 2.31). On the other hand Th/U ratio in 
Yamuna sediments show variation from 4.39 to 5.36 (avg. 3.81) in TLS and from 
1.59 to 4.41 (avg. 2.80) in BLS. All the sediment samples of Ganga and BLS of 
Yamuna show low values of Th/U ratio than the UCC (3.80) while TLS of Yamuna 
possess similar average Th/U ratio to that of UCC (3.80). It suggest that probably 
there have been significant proportion of the mafic rocks in the source region. 
Maynards et al (1982) established a discrimination diagram using Si02/Al203 
ratio and its covariation with K20/Na20 to classify different tectonic setting of 
modem terrigenous sedimentary rocks. They proposed that on the basis of these 
geochemical parameters, the provenance may be divided into 4 distinct tectonic 
categories, i.e. passive margin (PM), active continental margin (ACM), Al, arc 
(basaltic and andesitic detritus) and A2, evolved arc (felsitic plutonic detritus). In the 
K20/Na20 - Si02/Al203 diagrams majority of samples of Ganga and Yamuna 
sediments plot in the passive margin field. (Fig. 49 a, b ). 
Bhafia and Crook (1986) developed a series of discriminant diagrams based on 
the trace element ratios to allow distinction between A- oceanic island arc, continental 
margin and passive continental margin environments of deposition. On the La-Th-Sc 
discrimination diagrams (Figure 50 a, b). All the sediments sample of Ganga and 
Yamuna rivers of the present study are plotted within active and passive continental 
margin environment between granitic and TTG composition which 
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178 
Th 
(b) 
Sc 
TLS BLS / \ MLS ^ UCC —| - TTG ^ Basalt 
© PROTEROZOIC 0 LEUCOGRANITES HHCS - J - METASEOIMENTS OF HHCS 
Figure 50. La- Th-sc ternary plot for Ganga (a) and Yamuna (b) sediments. Fields are 
after (Bhatia and Crook, 1986). For reference the TTG, Granite and UCC, TTG, 
basalt, leucogranite HHCS, Proterozoic granite are plotted and their symbols 
are same as in Figure 41. 
179 
indicate derivation of these sediments from a predominantly granite and granodioritic 
source. 
Cullers (1994) proposed that sediments with Cr/Th ratio ranging from 2.5 to 
17.5 and Eu/Eu* values from 0.48 to 0.78 came mainly from felsic and not mafic 
sources. The average value of Cr/Th ratios in Ganga sediments (TLS; 9.44, MLS; 
10.74 and BLS; 11.81) and Yamuna sediments (10.76; TLS, 11.31; BLS) in 
conjunction with Eu/Eu* values of Ganga sediments (TLS; 0.64, MLS; 0.62 BLS; 
0.56 ) and Yamuna sediments (0.66; TLS and 0.63; BLS) indicate their derivation 
from predominantly a felsic source. 
In addition to above, REE abundances are also quite usefial in providing idea 
about the source rock (McLennan et al; 1993; Asiedu et al, 2000). In general 
sediments derived from continental crust are LREEs enriched, and have REE patterns 
comparable with sediments deposited adjacent to juvenile areas (McLennan et al; 
1990). Therefore, a variety of REE patterns are possible in sediments. It is generally 
believed that the transport of REE into sedimentary basin is primarily a result of 
mechanical rather than chemical transport (Nance and Taylor, 1976). Therefore, 
uniformity of REE patterns of the samples suggest no significant redistribution of 
REE within weathering profile. The degree of differentiation of LREE fi-om HREE is 
a measure of the proportion of felsic to mafic components in sources, whereas Eu 
anomalies may provide information about the processes which affect the source rock 
such as whether plagioclase has been removed from the ultimate igneous source of the 
sediments (Taylor and McLennan, 1985). Felsic igneous rocks usually contain higher 
LREE/HREE ratios and negative Eu anomalies and mafic igneous rocks contain lower 
LREE/HREE rafios with little or no Eu anomalies (Cullers, 1994, 2002). The average 
(La/Yb)n rafios for TLS of Ganga river ranges fi-om (La/Yb)n 10.69 to 21.98 
(avg. 17.76), MLS (LaArb)n 14.29 to 23.46 ( avg. 19.20), BLS (La/Yb)n 12.50 to 
28.47 ( avg. 21.50 ). Similariy the (Gd/Yb)n ratio for TLS ranges from 1.59 to 3.12 
(avg. 2.54), MLS from 2.06 to 3.27 (avg.2.69) and in BLS fi-om 1.92 to 4.11 (avg. 
3.08). Eu/Eu* values in TLS vary firom 0.51 to 0.75 (avg. 0.64), in MLS from 0.53 to 
0.70 (avg. 0.62) and in BLS 0.49 to 0.65 (avg. 0.56). The average (La/Yb)n rafios for 
TLS of Yamuna river ranges fi-om 12.16 to 29.08 (avg. 20.08) and in BLS from 14.02 
to 28.47 (avg. 26.70). Average (Gd//Yb)n ratio for TLS ranges from 1.63 to 4.23 
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(avg. 2.73) and in BLS from 2.13 to 3.69 (avg. 2.8). Eu anomaly (Eu/Eu*) is also 
identical in both layers (0.66 in TLS and 0.63 in BLS). The aforementioned REE 
attributes of the Ganga and Yamuna sediments indicate that the original source rocks 
was predominantly felsic rocks (McLennan et al; 1993; Taylor and McLennan, 1985) 
In view of the above discussion it may be interpreted that the source domain 
wherein rocks like Paleozoic granites from Higher Himalayan crystalline series 
(HHCS) (Miller et al; 2005), pelites from Lesser Himalayan (Rashid, 2005), which 
are presently exposed there have supplied the detritus for the Ganga and Yamuna 
sediments. However, some of the mafic signature shown by these sediments have 
probably been imprinted by the mafic dykes intruding the Himalayan rocks or the 
basement rocks. 
Tectonic Setting 
The geochemistry of sedimentary rocks have been widely used to discriminate 
tectonic setting of the sedimentary basin (Bhatia, 1983, 1985a and 1985 b; Roser and 
Korsch,1986; Floyd and Leveridge, 1987; McLennan and Taylor, 1991; Graver and 
Scott, 1995). In plot of KiO/NaaO versus Si02/Al203 , Ganga and Yamuna sediments 
fall in the passive margin (PM) field (Fig 49a,b) (Maynard et al. 1982). This suggest 
that Ganga and Yamuna detritus have been deposited in passive margin setting. 
Discrimination analysis has been extensively used in geochemistry to discriminate 
between various tectonic environment and sedimentary provenance (Vital et al; 2000; 
Shaoetal;2001). 
However, recycled sediments and those from a mixed source are much more 
difficult to interpret. The analyzed samples of Ganga and Yamuna sediments plot in 
P4 field in these diagram (Fig.46 a, b ) indicafing recycled orogenic terrain (granite -
gneisses or quartose sedimentary provenance source area similar to PM ) and 
deposited in passive margin regime. Abundances of rare earth elements (REE) and 
others elements (Ti, Zr, Hf, Y, Sc, Nb, Ga, Th, U) or their ratios, are considered more 
reliable parameter to distinguish the tectonic setting of sedimentary basin because of 
their proven resistant behavior towards various sedimentary process (Bhatia and 
Taylor, 1981; Bhatia, 1985b). On La-Th-Sc ternary plots, (Fig.50a,b) the sediment 
samples of Ganga and Yamuna river plot in the fields of passive and active 
continental margins. 
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SUMMARY AND CONCLUSION 
The Gnaga plain occupies central position in the Indo - Gangetic plain and 
shows a variety of landforms and drainage system. The Ganga plain extends from 
Aravalli - Delhi ridge in the west to the Rajmahal hills in the east, Himalaya foothills 
(Siwalik hills) in the north to Bundelkhand - Vindhyan - Hazaribag plateau in the 
south occupying in an area of about 250,000 km^. The southern margin of Ganga 
plain is irregular and shows at many places outcrops of rocks protruding out of the 
alluvium. The northern margin of the Ganga plain is marked by the outcrops of 
Siwalik system with a conspicuous thrusted contact. 
Ganga rise in the Garwal Himalayas division of Himalaya under the name of 
Bhagirathi which originates from the ice caves of Gaumukh at the height of 4100 m, 
in Garwal Himalaya is accepted traditionally as the original Ganga. The river cuts its 
path through the Himalaya till another headstream Alakhnanda which also carries the 
water of its tributary Mandakini and Alakhnanda join to form the Ganga river system. 
The Ganga basin covers a wide variety of landforms from featureless plains in the 
central belt to mightly Himalayan ranges in the north with deep valleys, glacier, 
plateaus and hills in the south with mountain climate in the upper reaches and humid 
subtropical climate with dry winter in the lower reaches. The trunk river Ganga in the 
state of Uttar Pradesh shows prominent terraces of the southern side and an extensive 
flood plain on the northern side in which ox- Bow Lake, ponds and swamps are 
developed. 
River Yamuna is the most important river of Ganges river system of north 
India. During its course from Uttarkashi to Allahabad a large numbers of smaller 
stream join it at various localities. There are some other stream originating in the 
lower Himalayan ranges and ridges which join Yamuna river before it enters in to 
lower reaches. After flowing upto 200 km Yamuna river emerges from Siwalik ranges 
in to plains near Saharanpur in Uttar Pradesh, where it flows in a broad curve through 
Delhi, Mathura, Agra and finally makes confluence with Ganga at Allahabad at an 
elevation of 100 m above mean sea level. During its course from Uttarkashi to 
Allahabad it covers a distance of 1380 km and exhibits various patterns, i.e., steep 
draining braided, and meandering 
The study area lies between 77°31 to 78°89 longitude and 27^43 to 28''36 
latitude . The present study mainly aims at reconstructing the sedimentation history of 
the Ganga plain. Forty one well exposed lithostratigraphic sections were measured 
from different localities . Lithologs were prepared on the basis of field data. Thin 
sections of sand samples were prepared and used for petrographic study. The textural 
attributes of the sediments, such as size, sorting, skewness, kurtosis, roundness and 
sphericity were studied with a view to interpret provenance and estimating the 
influence of texture on the detrital modes petrofacies. Detrital mineralogy of the 
sediments, including light and heavy mineral fraction was studied for the purpose of 
description and petrographic classification of the studied sediments and interpretation 
of their provenance. The factor of distance of transport that influences the fi-amework 
composition of sediments was studied to evaluate its effect on the detrital sediments. 
Samples of sediments were chosen for geochemical analysis. These samples were 
analyzed by XRF . The REEs of selected samples were analyzed by ICP- MS. 
The statical parameter of grain size analysis shows that the grains are medium 
to fine grained, moderately to moderately well sorted, strongly fine skewed and platy 
to leptokurtic. The sand grains are subangular to subrounded and low to high relief 
Bivariant plots of various parameters indicate that mean size versus sorting has 
moderate to good sorting relationship indicating increased in grain size with increased 
sorting which reflects constant hydrodynamic condition during deposition . Mean size 
versus and skewness has poor to good relationship. Mean size versus roundness has 
moderate to good relationship, indicating increase in roundness with increase in grain 
size. Mean size versus sphericity has poor, moderate to good relationship hinting a 
decrease in sphericity with increase in grain size. Roundness versus sorting has poor 
to moderate relationship giving indication of increase in roundness with sorting. 
Sphericity versus sorting has poor, moderate to good relationship, also suggest 
increase in sphericity with sorting. 
According to Folk classification (1980) the Ganga and Yamuna river 
sediments are mainly sublitharenites. The framework grains are mainly quartz 
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followed by rock fragments, feldspar, mica and heavy minerals. Most of the quartz 
grains are monocrystalline, rest being polycrystalline. The monocrystalline quartz 
generally shows undulatory extinctions. Polycrystalline quartz grains poses both sharp 
and sutured intercrystalline boundary. Feldspar include plagioclase and microcline, 
both fresh and altered varieties. Biotites as well as large flakes of muscovite and mica 
are observed. Rock fragments include quartzite, schist, gneiss, phyllite, chert, 
sandstone, limestone and siltstone. Heavy minerals include tourmaline, garnet, 
opaques, zircon, kyanite, sillimanite, staurolite, epidote, actinolite/tremolite , 
hypersthene, anatase, hornblende, biotite , rutile, spinel, muscovite, chlorite, apatite, 
zoisite and'titanite. The studied sediments were derived from a variety of source rock. 
Ganga river passes through the parts of western and central Himalaya, which 
comprises the granite, gneiss, schist and metamorphosed limestone from the horizon 
of Cambrian and upper Precambrian age. As the river descends into the plains near 
Haridwar . It passes through the Siwalik hills comprising sand stone and 
conglomerate. The Yamuna river drives its detritus from Bundelkhand granite, 
quartzite and slate from Delhi Supergroup. 
In the present study the detrital minerals of Ganaga and Yamuna river 
sediments were studied for the purpose of interpreting their provenance. Triangular 
diagrams of Dickinson (1985) Qt-F-L, Qm-F-Lt, Qp-Lv-ls, Qm-P-K were used. Both 
Qt-F-L and Qm-F-Lt plots shows full grain populations, but with different emphasis. 
The Qp-Lv-Ls and Qm-P-K plots show only partial grain population, but reveal the 
character of polycrystalline and monocrystalline components of the framework 
respectively. The Qt-F-L diagram which emphasizes factors controlled by 
provenance, relief, weathering , transport mechanism is based on total quartzose, 
feldspar and lithic content. Plot of the recalculated values revealed that most of the 
samples of the studied sediments lay in the recycled orogen provenance field 
suggests their derivation from metasedimentary and sedimentary rocks that were 
originally deposited along former passive continental margins. Few samples fall in the 
continental block provenance suggesting contribution from the craton interior with 
basement uplift. 
In the Qm-F-Lt diagram, all unstable lithic fragments including the 
polycrystalline quartz are plotted together as Lt, to emphasize the source rocks. In this 
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diagram, the sample data plot both in the recycled orogen and continental block 
provenance fields. The Qp-Lv-Ls triangular plot which is based on rock fragments 
population reveals the polymineralic components of source region and gives a more 
resolved picture about tectonic elements. The studied data fall in rifted continental 
margin and fold thrust belt settings reflecting no contribution from the volcanic 
source. The Qm-P-K plot of the data shows that all the sediments contribution is from 
the continental block basement uplift provenance and is reflective in mineralogical 
maturity of the sediments and stability of the source area. The provenance for the 
Ganga and the Yamuna river sediments believed to be western, central Himalayas and 
Siwalik hills, which comprises granites, gneisses, schist and metamorphosed 
limestone from the horizon of Cambrian and upper Precambrian age. However, 
Yamuna river contributed sediment from Himalaya as well as from Aravalli hills, 
Bundelkhand terrain path and from Vindhayan Supergroup. 
The geochemistry of the river sediments has been receiving much attention of 
geoscientist as it reflects the source and natural processes and human activities in the 
watershed and the synthesis major and trace element distribution in these sediments 
contribute to a better understanding of these processes. The sediment samples were 
collected from different sites have been river bed, natural levees, and flood plains. To 
account for vertical variation top, middle, including lower horizons of sediments 
strata were sampled, depending upon thickness of the deposits, textural and structural 
variability. Soil samples were collected from a depth range of 1 - 2 m to minimise 
humus, pesticides, fertilizer and water saturation effects. 
Si02 content of bottom and top layer of sediment shows small range of 
variation while it show large range of variation in middle layer sediments. In the 
Ganga sediment all samples Si02 is strongly to moderately negatively correlated with 
other oxides except Na20 in middle layer sediments. The good to strong positive 
correlation between AI2O3 and other oxides excluding SiOa in these sediments 
indicates clay minerals control on the major element composition of the Ganga 
sediments. There is good positive correlation between K2O, Sr, Ba, Th and U in the 
top and bottom layers sediments indicating that clay minerals primary controled the 
abundances of these trace elements. Strong positive correlation between Ba and Sr in 
the sediments of all layers indicates possible control of feldspar and mica for their 
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abundance. TTE abundances in TLS, MLS and BLS in Gangetic plain are highly 
variable. Sc and Ni show limited range of variation in MLS and TLS. Ni and Cr in 
TLS and MLS are poorly correlated with the AI2O3 suggesting they are not associated 
with the phyillosilicates whereas Ni and Cr of BLS show positive correlation with 
AI2O3 indicating role and control of phyillosilicates.. 
The concentrations of HFSEs of analyzed samples show a relatively narrow 
range of variation. A positive ratio between Zr and Hf commonly suggests their 
derivation from felsic rocks as mafic - ultramafic rocks bear non linear positive 
correlation between Zr- Hf. 
Zr and Nb contents in MLS and BLS show good correlation with A1203 
suggesting that they are hosted by clay minerals, while in TLS, Zr and Nb plot show 
good positive correlation with K2O indicating significant proportion of K-bearing 
rocks in the source terrain. Relatively large negative Eu anomaly and high 
LREE/HREE ratio in the studied sediments indicates that the source area was 
predominantly felsic, similar to granite. LREE and HREE concentrations in either 
layer samples do not show significant correlation with clay minerals constituents like 
AI2O3 and K2O. Zr have good correlation with (GdAT))n ratio in BLS indicating 
possible presence of zircon in source area as an accessory mineral. Minor depletion in 
AI2O3, Na20, K2O and CaO content in the sediment may be due to the dilution effect 
of silica. 
The variable degree of correlation for SiOa with other major oxides in Yamuna 
sediments reflects a decrease in unstable components with an increasing mineralogical 
maturity. Furthermore, good to strong correlation between AI2O3 and other oxides 
including Si02 in these sediments indicates clay mineral control over major element 
chemistry. There is strong positive correlation between K2O and Rb, Sr, Ba and Th. 
All the analyzed TTE of both layers are plotted against AI2O3, Ni, Cr, V and 
Co contents show moderate to strong positive correlation with the AI2O3 in BLS such 
a correlation is absent in TLS which suggest that phyllosilicate host these elements in 
BLS. However, absence of any correlation of TTE with AI2O3 indicates some other 
factors modifying the primary concentration of these elements. Zr, Hf, Nb and Ta 
show good positive correlation with the A1203 in both layer of sediments suggesting 
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they are also hosted in phyllosiHcate. The samples of TLS show positive correlation 
with P2O5, Ti02, Th in BLS. The samples of TLS show good positive correlation of 
(Gd/Yb)n with P2O5, Th and Y. These relationship indicate that minerals like apatite, 
titanite, monazite and to certain extent garnet controlled the abundance of heavy REE 
in Yamuna sediments. 
Weathering indices like CIA (51.72), PIA (52.38) and CIW (59.67) plots attest 
low to moderate degree of chemical weathering in the source domain. Low degree of 
weathering in the source area suggest only physical breakdown without any chemical 
weathering. Projected trend in ACNK diagram suggest a granodiorite source. All the 
sediment samples fall within active and passive continental margin environment 
between granitic and TTG composition. The above result indicates that the sediments 
have been dominantly derived from granite and granodioritic source. By using plots 
of K20/Na20 versus Si02 the studied samples fall in passive margin setting. 
Descriminant analysis suggest that the sediment plot in P4 field indicating recycled 
orogenic terrain and deposited in passive margin regime. 
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